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1. Purpose

Ihis analsis is prepared by the Mined Geologic Disposal System (MODS) Waste Package
Development Department (WPDD) to provide a methodology for the calculation of nitric acid
production by alpha particles generated by spent Light Water Reactor (LWR) fuel in a waste
package. The objective is to obtain a nitric acid production rate per Pressurized Water Reactor
(PWR) assembly from 100 to 1,000 yeam The cumulative production of nitric acid for any time
period can be calculated, if desired, from the data provided In this report. Analyses of nitric acid
formation for other tpes of fuel or for other time periods could be performed using this
methodology.

It should be noted that tbis analysis Idpendent upon the assumptions of spent nuclear fue cladding
damage (see assumption 432) and the presence of moist air in the waste padkge (see assumption
43.3), whereas these conditions are in conflict with the goals of waste package design. lithe
cladding remains intact, or If the waste package is filled with an inert gas, no nitric acid will be
formed at all. This analysis does not evaluate the relative probabilities of these conditions. The
cladding of t nuclear fuel is impervious to ilpha particles because the peneation (nge) of the
particles is less than the thickness of the cladding, and Intact fuel cladding thus prevents alpha
particles from reahing the moist air environment required to form nitric acid. Moist air is required
to provide the nitrogen, oxygen and hydrogen needed to form nitric acid, and the inert atmosphere
present in a waste package denies these chemicals so that the chemical reaction can not take place.

2. Quality Assurance

The Quality Assurance (QA) program applies to this analysis. The work reported in this document
is part of the Waste Package (WP) preliminary design analysis that will eventually support the
License Application Design phasem This activity, when appropriately confirmed, can impact the
praper finctioning of the MODS waste package; the waste package has been Identified as an MODS
Q-List item important to safety and waste isolation (pp. 4,15, Ref. 5.1). The waste package is on
the Q-LIst by direct inclusion by the Department of Encergy (DOE), without conducting a QAP-2-3
evaluation. The Waste Package Development Deptment (WPDD) responsible manager.has
evaluated this activiy in a rdae with QAP-2-0, Corndut ofA Jtys NTe Performn O icait,
Thermal;, S& cua, and Shieldkig Anaryes (Reference 5.2) evaluation has determined the
preparation and eview ofthik design analysis is suect to Quaity Assurance Requirements and
Descrption (QARD; Re£ 53) requirements. As specified in NLP-3-18, the development of this
analysis is subject to QA controls.

Al design inputs which are identified in this document ar for the preliminary stage of the WP
design process; all of these design inputs will require subsequent confirmation (or superseding
inputs) as the waste pakage design praceeds. Consequently, the use of any data from this analysis
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for input into documents supporting pr wuen fabrication, or construction is required to be
controlled and traked as TBV or TBD in accordance with NLP-3-1S or other appropriate
procedures.

3. Method

Tbe generation of the alpha source is performed by using the SAS2H computer code sequence,
whichi s a part ofthe SCAIE 42 ystem. SAS2H is a sequence ofcomputer codes which model a
PWR or Boiling Water Reactor (BWR) fuel assembly to calculate the Isotopic contents of the fuel
as the assembly is irradiated and later decayed. SAS2H calculates the curie content of spent fuel,
and the actinide portion of the radiolsotopic nventoy contributes to the alpha source. Ihe alpha
particles are transported from the interior of the fuel pellet by means of the stopping power
methodology, which tracks the instantaneous energy loss of a charged particle as it slows down in
matter. The energy deposition of alpha particles which escape the fiel pellet is calculated and
transformed to a nitric acid generation rate via the "g-Ector", or moles of nitric cid produced per
unit energy posited in moist air. he alpha particle source varies with time as the fiuel cools, and
hence the nitric acid production rate also varies with time .The oitric acid production rate, as a
fimction of time, Is calculated over the time period beginning with five years afier discharge from
the reactor through 1,000,000 years after discharge.

Both cladding damage (see assumption 432) and the presence of moist air in the waste pacage
(see assumption 4.3.3) are required to produce nitric acid. If the cladding is Intact or If the waste
package Is filled with an inert gas, no nitric acid will be formed at all. This analysis does not
evaluate the relative probabilities of these conditions; rather, the conditions of failed cladding
(assumed to be totally absent, for computational purposes, assumption 4.32) and moist air present
in the waste package wre initial conditions for the methodology. The cladding of spen nuclear fuel.
is hmpervious to alpha particles because the penetration (range) of the particles Is less than the
thickness of the claddini and intact fuel cladding thus prevents alpha particles from reaching the
moist air environment required to form nitric acid. Moist air is required to provide the ntrogen,
oxygen and yrogen needed to fonn nitric acid, and the inert antmosphere present in a waste package
denies these chemicals so that the chemical reaction can not take place.
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4. Design Inputs

All design inputs which are identified in this document are for the preliminary stage of the design
process; some or a11 of these design inputs will require subsequent confirmation (or superseding
inputs) as the waste packge design proeeds. Consequently, the use of any data from this analysis
for input into documents supporting procurement, fibrication, or construction is required to be
controlled and tacked as TB rBD in dance withLP-3-S, To Be Vered (TB and To
Be Determined (TBD) Monitoring Syem, or other appropriate procedures.

4.1 Design Parameters

The alpha particle source originates fr the decay of actinide isotopes present in spent LWR fuel.
The source is calculated for 35,000 MWdlMTU, 48,000 MWdUMTU, and 55,000 MWd/MTU, in
order to span the range of expected bunups for B&W 5xlS PWR fue assemblies (see assumption
4.3.1). e intialeidmnts for ese burnps areespeci y 3.30,420, and 5.05 weig percent
U-235 (£ 5.10 Ikhe time period ofinterest for nitric acid production for this analysis is 100 years
through 1,000 years to span the earliest period during which the conditions of damaged cladding
(assumption 432) and moist air (iassumpion 43.3) mi occur. This time ptriod is in agreement
with the time period evaluted byot (Ref. 5.8). In addition, calculations were performed at five
years and from 1,000 through 1,000,00 years to illustrate the variation of nitric acid production
during odte time periods.

The alpha particle emission ngs usod for this anass iarc the mum energyr faor each Isotope.
Alpha particle emission energies ae normally split into a seies of lines by quantum mechanical
effects, and the use of the aimum energy results in a somewhat conservative (five percent)
vrestimate of the alpha particle ener. lhe alpha particle emisin energies and the half-life of

each isotope included in this analysis are given in Table 4.1-1.
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Table 4:1-1
Alpha Particle Embisson Energies

Isotope Energ (MeV) af WMe (yas)

U-234 4.i7 2.47x105 X

U-235 4.58 7.MxlO'

U-238 42 4.SlxltO

Np-237 4.78 22xlO'

Pu-238 5-50 86.4

Pu-239 5.16 24,390

Pu-240 S.17 6580

Pu-241 4.9 132

Pu-242 4.9 3.75xlO5

Am-241 5.49 4S8

Am-243 5.3 7900
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lie stopping powers for an alpha particle is dependent upon the medium through which the
alpha particle is passing. Denser media generally have biher stopping powers, and solids have
greater stopping powers than Equids or gases. TIhe eleental composition of the medium has a
strng effect upon the stoppizg power, and there is a secondary effect caused by molecular
bonding in compounds. -Stopping powers are dependent upon the energy of the incident alpha
particle. The stoping power ofthe uanium dioxide fuel pellet Is given as a finction of alpha
particle energy in Table 4.1-2. Table 4.1-2 contains the U02 stopping power for energies from
zero to six MeV to allow table interpolation for the specific energy of a given alpha particle.

Table 4.1-2
Stopping Powers for Uranium Dioxide

Stopping Power Tables for Uranlum, Oxygen, and U02
Uranum Ox. -Wen(Sd) U02 Per Molecafe

E lSddx dEldx E dEfdx dWdic *E dEldx dEldx
JeV) (eV110t15) MeV-pm2la /leO Me1n0o15 I&V~cm2fa IMeVI (eVi1Da15i MgeVhm

______ 0.00 110.001 250.OC
0.10 76.4 193.37 0.10 20.0 763.00 0M1O 118.40 259.65
0.15 05.6 241.6 _0.15 24.3 914.90 0.15 144.20 321.71
020 111.0 280.94 0.20 27.9 1050.44 0.20 166880 .372.11
0.30 138.0 344.22 O.3 33.2 1249.98 0.30 202.40 451.56
OA0 154.0 389.77 _ OA. 37.0 13905 0.40 228.00 608.67
0.60 166.0 420.15 0.50 39.6 147.18 0.60 245.00 646.6
0.60 173.0 437.68 0.60 41.0 1543.65 0.60 255.00 668.91
0.70 177.01 447.09 0.70 41.9 157.54 0.70 260.80 681.B4
0.60 178.0 _453.05 0.60 421 1585.07 0.6 283.20 6872C
1.C0 176.0 445.48 I 1.0 41. 156Z48 1.00 259.00 677.U 3
1.60 158.0 399.90 1.60 37.2 140068 _1.6 232.40 618.4A
Z00 141.0 356.67 2t00o 32.6 1227.9 I 2.0 206.20 468.03
3.00 116.0 293.60 3.00 25.9 97.14 3.00 167.80 374.36
4.00 101.0 255.63 4.00 21.7 617.01 4.00 144.40 322.16
6.00 89.8 227.28 6.00 18.9 711.69 8.0127.60 284AM

6.00 81.6 206.28 6.00 16.6 632.62 _ .00 115.10 258.79

_ a p -
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4.2 Criteria

Ihe design of the engineered barrier system (EBS) will depend upon the resistance of the wast
package materials to corrosive influences. Criteria that relate to tg metallurgy of the EBS are
derived from the applicable requirements and planning documents. Upper-level systems
requirements are provided in the Monitored Geologic Disposal System Re Document
(MODSRD, Ref. 5.4). lhe requireents flow down to the ned Barrier Design
Req=ents Document (EBDRD, ReE 5.5) as specific r i for engineered barrier
segment design. The Controlled Design Assumptions Document (RW. 5.6) provides guidance for
requirements listed in the EBDRD which have unqualified or unconfirmed data associated with
the rqeent The criteria appcable to the development of corrosion resistance for the design
of the waste package are equivalent to the applicable requirements, Interface ru ents. and
criteria cited in the MGDSRD and EBDRD and they are listed in this section.

Ihe MIDSRD does not contain any criteria which specifically applies to-the development of
alpha particle production of altric acid. Tbc MGDSRD provides criteria for the evaluation of
component designs wi& regard to corrosion resistance, but does not indicate any criteria for the
alpha particle production rate of nitic acid used to evaluate designs with regard to the corrosion
criteria.
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The EBDRD provides the following requirements which relate to the development of corrosion
resistance.

42.1 The design of waste packages shall include, but not be limited to, consideration of
the following factos: ..., coosion, . [EBDRD 3.7.1.B].

42.2 The container shall be designed so that neither its in situ chemical, physical and
nuclear properties, nor its Interactions with the waste form and the emplacement
environment, compromise the function of the waste package or the performance
of the natural barriers or engineered barriers. [EBDRD 3.7.120].

4.3 Assumptions

Based upon the rationale that th conclusions derived by this analysis are for prdllmlnary design
and will not be used as input spporting construction, fibrication, or procFment, a Thi (to be
determined) or TBV (to be verified) will not be carried to the conclusions to this analysis.

The assumptions used in this analysis are:

4.3.1 The wastepackage contains 21 BW lSxlS PWR spent fuel assemblies. BW MS1cl PWR
assemblies are ep of the fuel which will be disposed of in waste paclages
since the uanium mas ofthese assemblies is lre thazn other common fuel tpes f.
5.10) Burups of 35,OO0 MWdUM , 48,000 MW&dMIU, and 55,000 MWdlMIU, are
analyzed in order to represent the range of typical PWR burnups. This data is TBV. This
assumption is used in Section 4.1 and in.Section 7A.4.

4.32 The cladding of the fuel rods is substantially damaged so that extensve portions of the
surface rea of fuel pellets are exposed. One hundred percent expose is assumed for
computational purposes. This data is TBV. This assumption is used in Section 1, Section
3, and Section 7.1. This assumption is based upon englnerizgJudgem ent that It will
result In conservative results

4.3.3 The Interior cavity of the waste package is filled with moist air. This assumption is used
in Section 1, Section 3, and Section 7.1. This data is TBV. This assumption Is based
upon engineering judgement that it will result in conservative results.

4.3.4 The production of nitric acid is assumed to be 100 eV per molecule (Ibis is termed the gg-
fAwtor'l This data is TBV. This assumption is used In Sections 72, 7.3, and 7.4.5. The
100 eV/molecule value is provided in reference 5.9.
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43.5 All of the alpha particle energy is absorbed in moist air (te reaction is 100 percent
efficient). This assumption is used In Section 7.1. Ibis data Is TBV. This assumption is
based upon engineri judgement that It produce conseativ ts.

43.6 Nitric acid is produced through alpha particle-Induced chemical reacdons, but is not -
destroyed and does not leave the pabge. This assumption is used in Section 7.1. This
data is TBV. This assumption is based on engineering judgement that it will result in
conservative results.

43.7 The fuel pellet Is assumed to be intJ although It may be cracked. Cracking of the fuel
pellet has no effect upon the results of these analyses. Ibis assumption is used in Section
7.5. This data is IBV. This assumption is based upon the damaged claddicg (see
asssmption 432) retaining sufficient Integrity to maintain the pellet geometry.

43.8 The highest emission energys was used for each Isotope. This Incrases the probability of
escape from the fuel pellet and also increases the residual enery deposited in the moist
air. Ts assumption will result in conservative energy calculations. Ihis data is lBV.
Tbis assumption is used in Section 7A.41.

43.9 The isotopes which were included Include U-234, U-235, U-238, Np237, Pu-238, Pu-
239, Pu-240, Pu-241, Pu-242, Am-241, and Am-243. Tis assumption is based upon the
significant contribution ofthese isotopes to the alpha particle source during the time
period of 100-1000 years. This data Is TBV. This assumption is used in Section 7.4.

43.10 The g-factor for alpha particle production of nitric acid was chosen to be equal to the g-
factor for production of nitric acid by gamma radiation. This assumption is based upon
the premise that the energy required to form a molecule is essentialy independent ofthe
mechanism of formation. This datum is TBV. This assumption Is used in Section 72.

4A Codes and Standards

None used.
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6. Use of Computer Software

6.1 Scientfic and Engineering Software

The calculation of the alpha particle source In spent fuel was performed with the SAS2H code
sequence (Raf. 5.1 1), which is a part of the SCALE 4.2 code system version (V) 1.0 (CSCI:
30004 V1.0), to obtain actinide radioisotope inventoriea SAS2H is designed for LWR fuel
depletion calculations to determine spent W Isotopic content (jncluding radiolsotopes which
produce alpha particles decy heat rates, and radioactive source terms. Thus, SAS2H is
appropriate for the generation of isotopic data for the calculations of this analysis. The
calculations using the SAS2H software were executed on a Hewlett-Paciard 9000 Series 735
workstation. The software qualification of the SAS2H software, Including problems related to
generation of isotope contents, is summarized in the Software Qualification Report for the
SCALE Modular Code system (f. 5.11) The SAS2H evaluations performed for this desig
are fully within the range ofthe validation for the SAS2H software used, since a PWR fuel
assembly is used in this analysis (see assumption 4.3.1). The associated 27BURNUPLIB aoss
section library was used for these calculations. Access to and use of the SAS2H software for this
analysis was granted by Sofware C uton Management and performed in accordince with
the QAP-SI series procedures. Inputs for the SAS2H software are included as attachments as
desrbed in the following design analysis.

6.2 Software Routines for Computational Support

Once the alpha particle source has been obtained with the SAS2H software described In Section
6.1 above, the particles are transported through the fuel pellet uranium oxide matrix by means of
a Visual Basic subroutine which is an integral part of the Microsoft EXCEL Version 5.0 for
Windows spreadsheet, as shown in Attachment L The fraction of alpha particles per wit time
which escape the fiel uranium oxide matrix, and are thus free to Interact with moist air to
produce nitric acid, is then calculated In the EXCEL spreadsheet
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7. Design Analysis

7.1 Introduction

The radiation present In the waste package could cause the production of nitric acid If moist air is
present, which could enhance the conrosion of materials. There are two Ms of radiation which
might contribute to nitric acid production. alpha particles and gamma radiation (only alpha
partibles are amined in this docume Neutr iad on Is also prent; however, the
relatively low radiation level and low Interaction rate between the neutrons and waste package
materials reduce the neutron contriution to c ential levels. Beta radiation Is essentially
confined within the fuel pellet The gamma radiation suffuses the Interior of the waste package,
so that moist air within the waste package could produce nitric acid molecules from the nitrogen
and water in the air. The alpha particles can not produce nitric acid Inside the waste package if
the fuel rod cladding is intact (see assumption 4.32), because none ofthe alpha particles can
penetrate the ziraloy cladding. If the cladding is breached, moist air (see assumption 4.33)
could contact the surfaces ofthe fuel pellets and produce nitric acid. Moist air is required to
provide the oxygen and hydrogen which bind with the nitrogen ofthe air to form nitric acid,
whereas an intact waste p ae ecludes these chemical constitzents from the waste package.
The relative strength of nitric aid production by the alphas is much greater than the gammas, If
the fuel cladding is removed so that the alpha particles are free to interact with the moist air.
This analysis evaluates the nitric acid formation by alpha particles, based upon the initial
conditons of damaged fuel cladding and a breached waste package which has allowed moist air
(also present as an initial condition; see assumption 4.3.3) to cnter tile waste package. Ihe
energy of alpha particles may be absorbed within moist air or within fuel or structural materials
within the waste package, but a 100 percent efficiency of capture in moist air is used for this
analysis (see assumption 43.5).

The evaluation ofthe nitric acid production within the waste package may be evaluated in several
steps:

Calculate the alpha particle energy deposition rate within the fuel zone
Calculate the nitric acid production rate as a fumction of time

It is worth noting that this approach has an implicit conservatism in that nitric acid is not only
produced, it is also destroyed and may be diluted by flow of moist air into and out from the waste
package (see assumption 431). The magnitude ofthese effects is not evaluated here, and the
Iegraion of itric ad produced over time will assune that all itric acid molecules produced
remain intact withn the waste package.
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7.2 Alpha Particle Energy Deposition Rate

The alpha particle dose rate must be computed in temas of radyear, and the production of nitric
acid is assumed to be 100 eV (see assumption 43.4) per molecule (this is termed the "g-factor").
It is frther assumed that both alphas and gammas have the same g-factor (see assumption
43.10).

The alpha particle genation rate within a fuel pellet Is obt le from the Isotopic assay
calculated by the SAS2H computer code sequence. The decay of actinides such as uranium,
neptunium, plutonium, and americium may be via beta decay or alpha decay. The alpha decay
rate of a mixture of these actinides may be calculated, so that the number of alpha particles and
their energies can be derived at various cool ties (ime after discharge from reactor) The
energy ofthe alpha particle affects its probability of escape fiom the fuel pellet and hence the
alpha particle energy deposition rate. Particles which are emitted from a decaying nucleus will
not escape the fuel pellet if their direction of emission takes them deeper within the fuel pellet;
only particles emitted in an outward direction from a point near enough to the surface an escape
the fuel pellet. Tbe range of 1he average alpha particle in fiel is about one thousandth of a
centimeter (the range of an alpha particle with the mean energy produced by spent nuclear fuel is
calculated as part of the methodology of this analysis).

Once the probability of escape of an apa is known (as a funton of emisson e and enegy),
the known production rate of alphas by th fuel (as a functin of time) Is sufficnt to calculate
the MycV ar emitted from the uface of the fuel pellet. Assuming that all of this alpha particle
energy is absorbed in moist air (assumption 43.5), the production of itric acid in moleculesfytar
(converted to moles per year) is calculated.

The probability of escape for the alpha particles is computed by numerical integration ofthe
emitted particles fom a series of layers, or "onion skins, of feIl pellet material. The fiaction of
alphas emitted at any given angle is constant, since the emission of alpha particles is isotropic.
As each particle Is emitted, it slows down in the fuel material due to Coulomb interactions with
the electron clouds ofthe uranium and oxygen in the fiel. Ihis energy loss may be expressed as
the energy lost per unit length, and is a finction of energy. At very high energies (S MeV), the
particle is traveling fist enough that the interaction of the alpha with surrounding electron clouds
and nuclei Is decreased (due to the smaller deBroglie wavelength of the constituent nucleons), so
the value of dEdx is less. As the particle slows into the keV range, the value of dEdx increases,
and the alpha particle slows down faster. The energy loss per unit length is termed the -stopping
power', and values are tabulated in reference 5.7.
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The filcton of alpha cnergy which is released fiom the fuel pellet may be evaluated as follows:

Calclate the number of alphas emitted from a layer of fuel per second

Calculate the distance from the middle of the layer to the fuel pellet surfice as a function
of polarangle

Calcilate the cnergy lost by particles traveling at each angle as -E - - E (dE&dx) * Ax
for a series of small distance steps until the surface of the pellet Is reached. Of course, if
-he distance from the midlayer to the surface, at a given polar angle, exceeds the range of
the alpha particles, then no calculalon is necessary since these alphas will not contribute
to nitric acid production.

The fiction of alphas which reach the surface at each polar angle may thus be determined for
each layer, and the residual energy of each group of alphas is also determined. The total energy
deposited in the moist ai urrounding the fuel pellet is just the sum of residual energies for each
polar angle and each fiel layer.
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7.3 Nitric Acid Production

Once the rate of total energy deposiion in the moist air has been determined, the production rafe
of nitric add molecules is just the enr er unit time deposited in air divided by 100
eMVmolecule (see assumpton 43.4), which provides the number of molecules produced per unit
time. The total moles of tric meld Is the sum ofthe production rate at a given time multiplied
by the width of the time interval.

7A Methodology

7A.I Alpha Particle Energies

Alpha particles are emitted fiam an unstable nucleus with nealy a single energy that Is
ichacteristic of the Isotope. The emission line is split by the quantum spin states of the nucleons

comprising the alpha, so that a few dozen different energies of emission may result A given
energy of emission may be tens or hundreds of keV higber or lower than the average. The
highest emission energy (with a significant branching ratio) was conservatively used for each
isotope In these calculations since a highe energy Increases the probability of escape from the
fuel pellet and also increases the residual energy deposited in the moist air (assumption 43.8).
The energies of the alpha particles fiom actinides were tSn from the Radiological Health
Handbook (Ref. 5.12).

The simplified alpha energies used for this study are presented in Table 7A-1. The actinide
isotopes included in Table 7A-I are present in significant quantities in spent el (assumption
43.10). as calulated aby the SAS2H code sequence. Some ofthe actinites (Pu-238, Pu-241, and
Am-241) have relatively short half-ives and do not contribute much beyond the first hundred
years of di , but have been Included because they are commonly known. The energy listed
in colmn two ofthe Table 7A-I is the value which was used for alpha stopping calculations for
the fuel pellet. The energy and abundances (banching ratios) for the main emission lines for
each isotope are also given in the table.
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Table 7A-1
Alpha Particle Emission Energies

hotope Energy (MeV) Hdf Life (years) Comment

U-234 4.77 2A7xlO3 Lines at 4.77 (72%K)
and 4.72 (28e)

U-.5 4.58 7.xlO' Lnes at 4.58 (8%o),
4.40 (57%) and 437

._ _ _ _ _ .__ _ _ (18 %o)

U-238 4.2 4.SlxlO' Two main lines at
4.15 MeV (25%) and

____________ 4.2 Mev (75%)

Np-237 4.78 2.24l0' Lines at 4.78 (75%o)
:______________ _______________ and 4.65(12% )

Pu-238 5.50 86A LUnes at 5.50 (72%o)
and 5.46(28%)

Pu-239 5.16 24,390 Lines at 5.16 (88%Y)
_________________ : ________________ _________________ and 5.11 (llI o)

Pu-240 5.17 6580 Lines at 5.17 (76%o)
and 5.12 (24%)

Pu-241 4.9 13.2 Beta emltter, alpha is
0.0023 percent
probable

Pu-242 4.9 3.75x40% Lines at 4.90 (76%)
and 4.86 (24%)

Am-241 .SA9 4S8 LInes at 5.49 (85%)
_ _ _ _ _ _ _ _ _ _ _ and 5.44 (13%)

Am-243 5.3 7900 Lines at 528 (871%)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ and 5.23 ( 1.S% )
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7A.2 Alpha Particle Stopping Power

The stopping powers for each element (not isotope) are given in the reference 5.7. The stopping
powers for uranium and oyen are provided in these tables for alpha particles. 1he stopping power
for urnium dioxide must be calculated by summing the contributions from U ind o0, expressed in
terms of stopping per atom. The spping power refeece provides stopping powers expressed in
terms of stopping power per t0"atoms- so the number of atoms of uranium and of oyen are
computed fiom the 10.41 glm' density of U0 (equivalent to 95% of the theorctical density of U0).
he stopping powers for oxygen are provided for oxygen in the gaseous stae, and oxygen in the

solid state (as part of a compound), so the solid oxygen values are used since they are more
appopriate for a chemical compound form The stopping power is typically expressed in terms of
MeV-cm2ag, and the U0 values have been converted to these units. 7he individual element and
compound stopping powers are provided in Table 7.4-2. Inspection of Table 7A-2 shows that the
rate of loss of enCyreases as the alphaparticle slows down from 6 MeV, readhing a maximum
at 800 keV. Ibis change Is due to the increase hi Ineraction probat as the deBoglie wavelength
of the alpha nucleons Increase witi decreasing energy. The decrease in stopping power below
several hundred keV Is due to the decrease in the cfective charge on the alpha as free electrons
temporarily interc with the moving alpha.

Table 7A-2
Stopping Powers for Uranium Dioxide

Stopping Power Tables for Uranium, Oxygen, and U02
Uan Oygen (SoMd) U02 Per Molecuie
E dEtdx dEdx E . dEldx dEldx E . dEfdx dEfdx
(Me~s (eyJ16) Uevrrx -MOV) leV/10151 MeV0r _j eV(MM (eV10t15 MeVm

_______ ________ _____ _ 0.001 110.00 250.

0.10 76.4 193.37 0.101 20.0 783.00 0.101 . 116.40 259.69
0.15 9K.6 241.96 0.156 24.3 914.90 1 0.15 14420 321.71
0.20 111.0 280.94 0.20 27.9 1050.44 020 166.80 372.13
0.30 136.0 344.22 0.30 33.2 1249.98 0.30 202.0 . 451.8
0.40 .154.0 389.77 .OA4 37.0 139305 0.0 228.00 6
0.60 166.0 420.15 0.60 39.6 1487.18 0.60 245.00 648
0.60 173.0 437.68 0.60 41.0 1543.65 0.680 255.00K 6881
0.70 177.0 447.99 0.70 41.9 1577.64 0.70 26D.80 681.
0.80 178.0 453.05 0.80 42.1 1585.07 0._ 0 26320 687
1.00 176.0 445A_ 1.00 41.6 1562.48 1.00 259.00 677.83
1.60 158.0 399.90 1.60 372 1400.68 1.6 232A. 618.48
2.00 U1.0 356887 2.00 32.6 1227.39 2.00 20620 460.
3.00 116.0 293.60 3.00 25.9 97514 _300 167.80 374.
4.00 101.0 255.63 4.00 21.7 817.01 4.00 144A4 322.1
6.00 89.8 22728 6.00 18.S 711.69 6.00 127.60 284
6.00 81.6 20628_6.00 18.8 632.62 8.00 115.10 258.7
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7A.3 Alpha Particle Range

The range of an alpha particle is determined primarily by the energy of emission and the mediu
through which it Is traveling. Ranges of alpha particles in solid material are quite short, on the
order of a tousandth of a centimeter in uranium oxide (as calculated in this analysis) For example,
for a S MeV alpha particle incident on uranum oide, the stopping power (dE/dx) Is 284.68 MeV-
cm2 /g and the density of UO, is 10.41 g/cm!, so the alpha particle loses 2960.7 MeV/cn. Thus,
even with an initial enermy of S -MeV, the range of the alpha particle is quite small. Since the
stopping power is a function of the energy, the distan travded by the particle when Its rsidual
energy has reached zero Is obtained by a numerical integration ofthe form:

Intially, E - 5 MeV

For each distance st ax,p

Obtain stopping power at energy E
Calculate the energy lost for this distance step, 6E - (dEhdx) Ax
Calculate the remaining energy E as E (remaining) - E - E

Continue stepise integration until the remaining energy is zero.
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Figure 7A-1. Effect of Angular Dbtribution

The distance which a given alpha particle must traverse between the point at which ft was first
created (in a layer of the fiuel pelet) and the surfice of the fuel pellet (where it can produce nitric
acid molecules) Is a function af the angle at which it travels relative to a radius liner Alpha particles
are emitted isotropically fiom the actinide isotopes of spen fu.

Figure 7A-1 above depicts alpha particles emitted fiom a volume clement at one side of a dab of
umnhun dimodde, taveling to the ighIn the solid angle lement defined by angles e1 and 2. hese

particles must travel father than particles which ar emitted along a line directly through the slab
(indicated by the aro), and consequently emerge from the slab with a lower residual energy. As
the a becomes t tcker, eventually al alpha particles wi be stopped completely by the slab. Ihis
occurs when the hickess of he dab Is equal to the range ofthe alpha particles In U02 . If the solid
angle elements are divided into ten degree irmefts of 0, the probabty of emission into a given
solid angle element are given by the Table 7.4-3 below. Ike percentage of aiphas emitted into each
solid angle element is calculated from the equation
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Fraction - 2= [ cos e2 - cos 1 ]

Te distace which the average particle In the solid angle element must travse to reach the surfce
ofthe slab is given as X (thickness of dsbYcos, wihere e is the average angle. Thus the distance
which any particle, generated within any "onion kn layer of a fuel pellet, must traverse to escape
from the fuel pellet, can be calculated. The zatio of the distance which a particle in a given solid
ange element must travel, compared to the thickness of the slab, is gven In Table 7.4-3 as the
distance factor (1/cos%). Once the distance is known, the stopping power table allows the residual
energy to be calculated for all alphas within each solid angle element

Table 7.43
Fractions of Alphas Emitted Into Solid Angle Elements

61 62 Fraction Distance Factor

0 10 0.01519 1.0038

10 20 0.04512 1.0353

20 30 0.07367 l.i034

30 40 0.09998 1.2208

40 so 0.12330 1.4142

S0 60 0.14280 1.7430

60 70 O.S1800 2.3660

70 80 0.16840 3.8600

80 90 0.17360 11A70

hm number of paicles tavelg angles between C1 and 02 is the fiaction indicated in Table 7A-
3 times the number of particles generated per second. Since the table only includes particles
traveling to the zigb4 this result must be divided by two. Because the rauge of any alpha particle in
U0 is small compared to the fiel pellet ticess, only particles which are emitted outward have
anychanccofescapecfrm thepellet. Also, the layeroffiel ner the felpelletsurice whichcan
allow alphas to escape is thin compared to the overall pellet redius, so It is a reasonable
approximation to treat the thin layer as a sab, as is done in Table 7A-3.
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7AA Alpha Source Calculations

The alpha particle source is obtained from SAS2M calculations for the BW 1SxlS PWR fiel
assemblywitha48,000MWd lhbmup (see assm n43.11 Calculations are alsoperformed
for 35,000 MWd'MIU and 55,000 MWdVM in order to span the range of expected bumups. The
ORIGEN-S output of the SAS2H rnm contains the curies of each actinide isotope of interest as a
fictdon of cool time. The results of the 48,000 MWdWMTU calculations are tabulated below in
Table 7A.4, at selected cool tmes of 5, 100, 500, and 1000 years. Detailed calculations at 50 year
intervals were included from 100 to 300 yeas, and at 100 year intervals thereafter, as indicated in
the spreadsheets included as attachments to this document The average energy of alphas emitted
from the mictu of actinides is also given.

Table 7A4
Alpha Partice Sources for One PWR Assembly wth 48,000 MWdMITU Burnup

Isotope CifAsbl @ CifAsb1 CiMAsbW @
100 Years SOO Years 1000 Years

U-234 0.931 138 1AO

U-235 0.00815 0.00822 0.00831

U-238 0.144 0.144 0.144

Np-237 0.336 0.589 0.74S

Pa-238 1330. 574 1.23

Pu-239 187. 185. 183.

Pu-240 294. 282. 268..

Pu-241 699. . 0284 0.273

Pu-242 1.34 1.34 1.34

Am-241 2630. 1400. 627.

Am.243 18.8 18.1 17.3

Mean E (MV) SA5 SAO 5.34

* Asbl - Assembly
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7A.5 Calculation of Alpha Energy Deposited In Moist Mr

The short zange of alpha particles Insures that virtually all of the alphas which escape the fuel pellet
will be absorbed in moist air before reaching an adjacent fuel rod or structural material, hence this
study tas all of the eney which escapes the jellet as available for the production of nitric acitd
The fuel pellet is assumed to be Intact (assumption 43.7). The production of nitric acid by alpha
particles is assumed to be independent of the incident alpha enegy, that is, that 100 eV (see
assumption 43.4) are required for the formation of each nitric acid molecule.

lhe calculation of the energy which escapes the fuel pellet is performed by the following procedure:

Divide the escape layer ofthe fuel pellet into twenty zones of equal thickness. The total thickness
isjust the range of an alpha particle whose energy is equal to the men energy of all of the actinide
emitters. (Note: a check calculation was performed using ten zones to vrf that the result has
conered.)

For each zone:

A. Compute the alpha production within the zone, which is equal to the volume fraction of
the zone (compared to the pellet) times the total production rate of the pellet.

B. Compute the track length for each of nine angular groups (at ten degree intervals).

The mean track length for each angular group Is equal to the distance factor (lIcose)
tim the normal distance betwe the center of the layer and the surface of the pellet

C. For each angular group, given the mean track length and the total source for the layer
(1J20 of the total source within the zone of escape):

Slow down the alphas by computing:

E(residual) - E - J(dFldx) dx; integrated in 20 distance steps x, where Ax is one
twentieth of the mean track length. (Note: the cnal results are insensitive
to the granularity of the distance steps once there ae more than 10.)

So that (residual) = E- dE/dx(Ei,)Ax summed over I from one to 20.

If S : 0, then cease the iterations - the alpha particles (for this angular grop) can not
escape-
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If E> 0, then add the alpha source (for is angular group) times the residual enery
to an escaped cnerg total for this layer. The total energy escapmg the pellet is the
sum ov all 20 fuel layers.

7.5 Results

he evaluation of alpha-Induced nitric acid production for twenty-one 48,000 MWd/MTU bunup
B&W lSxlS PWRfulsembesInawastepac e shos that 0.3920 molsfyeperassembly
would be produced at five years cool time, if the waste package were filled with moist air and the
gpn nuclear cladding were fiiled, as how in Table 7.5-1 Aftcr the pasge of 900 years, this
production rate has decreased by a factor of more than three, and coninues to decrease thereafler.
For the period betWeen 100 and 1000 years, the total moles produed by twentyone assblies (with
the zircaloy cladding roved) is 2938 moles of nitric acit. (Note: earier calcuations by
VadonYenburgand Red t5.8) obtabed 2800 moles for the se time podL This work was
based upon Swedish research for copper based waste pacges In a rpository prposed for Sweden
with bumrps of 38,000 MWdt/TU for PWR and 33,000 MWd/MTU for BWR fuel assemblies.
he much hgher design asis burnup of 48,000 MWd/TU for this work results in a stronger

source, although the end results are about the same.)
Table 7.54

Nitric Add Production for Time Periods up to 1000 Years
48,000 MWdAMT Burnup

Tkne (Yeaml) Ukwl6ear, kgJYear
6 001M 0.02073

100 0OJ4412 0.02168
tS0 0.2935B 0.01849
200 025455. 0.01604
250 0.22520 0.01419
300 020190 .01272 er21 Mb Per21 Asb
400 0.16755 0.01056 293885
600 0.14367 0.00905
600 0.12528 .00789
700 0.11048 0.00696
600 0.09891 0.00623
900 0.08898 Q00561

1000 0.08059 0.00508
PerAsbi PerAsbi

Tal(100-100Y) 139.93 8.8153
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The dependence of the nitric acid production ate upon time is illustrated in Fig 7.5-1. The nitric
acid production rate decrases rapidly after 100 years and the rate of decrease slows around 500
years. A peak alpha particle production te occurs prior to the 100 year time period, but Is not
significant here because waste package filure does not occur until later times.

Aeld Poducton Rato versus Time,
4.2 wA 48,00 MWDnIIT

0.25000 .- :
02000.

Q1.0000;-_0.5000
0.10000

0 200 4O0 600 am 100o
Years

Figure 75-1. Nitric Acid Production Rate for 48,0W MWdfMTU Burnup

It should be recalled that the assumptions regarding claddin damage and the presence of moist air
are in conflict with the goals of waste package design. If the cladding is intact or If the waste
package is flled with an inert g no nric acid will be fo ed at all. Ths analysis does uot
evaluate the relative probabilities of these conditions. Ihe cladding of spent nuclear fiel is
impervious to alpha particles because the penetration (range) of the particles is ess than the
thickness of the claddig, and intact fuel cladting tius prevents alpha particles fiom reaching the
moist air environment required to form aitric scid. Moist air is required to provide the nitrogen,
oxygen and hydrogen needed to form nitric acid, whereas the inert atmosphere present In a waste
package denies these chemicals so that the chemical reaction can not take place. Over the tm period
throug 1000 years, the waste pacag and fuel cladding may be expected to remain Intact, so that
theproducti of nitic acid woud not occr. Over longerperiods, fi e of waste packges would
become more liklye , so nitric acid production was evaluated out to one mion years, as shown in
Table 7.5-2.
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Table 7.5-2
Nitric Ad Production for Time Periods up to 1,000,000 Year

48,000 MWdMTU Burnup

pa Particle Production of Nitric Acid In a Waste Package
(Between five years and one million years)

B&W 15x15 @142 wt%, 48,000 MWDJMTU
Tie (Years) MoIesWear kgpYear

6 0.32901 0.02073
100 0.34412 0.02168
150 029356 0.01849
200 0.25455 0.01604
250 022520 0.01419
300 0.20190 0.01272
400 0.16765 0.01056
60 0.14367 0.00905
600 0.1528 0.00789
700 0.11048 0.00696
B00 0.09891 0.00623
900 0.08898 0.00561

1000 0.08059 0.00508
6000 0.02588 0.00163

10000 0.018B8 0.00118
60000 0.00367 0.00023

10OOO 0.00099 0.00006
60000D 0.00011 0.00001

1000000 0.00007 0.00000
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Acid ProductIon Rate versus Time,
4.2 wt% 48,000 MWD!M

5000- 4

025000

020000

0,1500D

0.10000

0.00000
100 1000 0m00 100000 1000000

Years

Figure 7S-2. Nitric Acid Production Rate for 48,000 MWdM U Buraup to 1,000,000
Years

laspection of Figure 7.5-2 shows that the production rate for ahaInduced nitric acid deceases by
a factor of four from 100 to 1OO0 years, and by a further factor of four from 1000 to 10,OOO yearsm
For very long time periods, the production rate diminishe substantlly, derasing by a factor of
twenty between 10,000 years and 1,000,000 years.

Smila Calculations wer perforned for bups of 35,000 MWd/M1 and 55,000 MWdIMTU to
evaluate the dependence of nitric acdd prohducton pn bunp. Results for the 35,000 MWd/MTU
bmip re shown in Table 7.5-3 and FWue 7.5-3, and results for the 55,000 MWdM V bup re
shown in Table 7.54 and Fgu 7.54.
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Table 7.5-3
Nitric Acid Production

35,000 MWdIMU Burnup

TOe (years) MO(eSwFear
6 0.1987

100 02457
1IS 02158
200 0.1916
250 0.1724
300 0.1668
400 0.1328
600 0.1155
600 0.1014
700 0.00
800 0.0808
900 0.0730

1000 0.0663526
PerAsbl

Total (1 O00-1OY) 109.50

KwTear
0.0125
0.0155
0.0136
0.0121
0.0109
0.0099
0.0084
0.0073
0.0064
0.0057
0.0051
0.0046
0.0042

PerAsbi
6.02

er21 Asbl Per21 Asbl
2301.39 144.99-

Acid Production Rate vemts Time,
3 3wa 35IODOMWMWU

1I

0 200
Years

IFture 75-3. Nitric Acid Production for 35,000 MWdMT Burnup
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Table 754
Nitric Acid Production

55,000 MWdMUBurup

Tme (Years) Moles/Year
6 0A212

100 0.495
10 0.3459
200 028
250 02595
300 0.2309
400 0.1900
600 0.1620
600 0.1405
700 0.1238
800 0.1106
900 0.0992

1000 0.0897
PerAsbi

Total (100-1000Y) .159.76

kg/Year
0.0265
0.0258
0.0218
0.0187
0.0163
0.0145
0.0120
0.0102
0.0089
0.0078
0.0070
0.0063
0.0056

PerAsbl
10.0648

PerBY 21 sb
Pe21 MUb Per 21 Asbl

3354.92 211.36

Acid Producion Rate versus Time,
6.05 wt%. 65,000 MWDM

0.4SOOD,' '.- - '...

0J00 .

02500

01500

0.1000 -- ' ': _.

0 200 400 600 800 1000

Years

gurc 7.54. Nitric Add Production for 55,000 MWdMCTU Burnup
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8. Conclusions

As identified in Section 4, this analysis is based on ifqducofid Input data and use of
any data firm 1his analysis for Input into documents supporting procurement, cons on f U
fabdcation Is reqired to be controlled and tracked as TBV or TBD i accordance with NLP.3-l5,
To Be Verified (TBiq and To Be Detennind (FBD) Montoring System, or other appropriate
procedures.

81 Nitric Acid Induced by LWR Fuel Alpha Source

The nitric acid poduction ate is increased by increasig bunup and decreased with additional cool
time, as shown in Table 8-1. The values shown assume ta moist air fills the waste package and
that the zircaloy fuel cladding is substantially degradedc The nitrc acid production rate is plotted
in Fige 8-1 for the time period from 100 to 1000 years. Inspection ofthis figure shows that over
the range of interest of bumups from 35,000 to 55.000 MWdUMIff. the nitric acid production rises
almost linealy. This due to the dominance ofAm-241, Pu-239, and Pu-240. Al short cool times
(<l00 years), Pu-238 is asmportant as Am-241.

Figure 8-1. Nitric Acid Production (per Assemby for 100-1000 years) versu Burnup
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Table 8-1
Nitric Acid Production vess Burnup

Burnup: 35,000 MWdlMTI 48,000 MWdT 55,000 MWd/MTU

Cool Tame, yeas (MolesIAsbVYear) (MolesAsbYYear) (Moles/AsbfYcar)

5 0.1987 0.3290 0.4212

100 0.2457 0.3441 0.4095

1SO 02158 0.2936 0.3459

200 0.1916 0.2545 0.2968

250 0.1724 0.2252 0.2595

300 0.1568 02019 0.2309

400 0.1328 0.1675 0.1900

SOO 0.1155 0.1437 0.1620

600 0.1014 0.1253 0.1405

700 0.0903 0.1105 0.1238

800 0.0808 0.0989 0.1106

900 0.0730 0.0890 .0992

1000 0.0664 0.0806 0.0897

Tota (100-1000 yrs), 109.6 139.9 IS9.8
moles

Tota (21 2301.39 2938A5 3354.92
Assemblies), moles _
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82 Future Plans

A basic assmption of the alpha particle poduction of nitric acid is that the alpha particles are able
to interact with moist air present in the waste package, in the absence of the shielding effect of the
fuel rod cladding. ITe general level of probability of these conditions should be evaluated in the
range of 100O1000 years and the cumulative probability of nitric acid production in one or more
waste packages could then be determined. Studies related to the effect of nitric acid on the internal
structures of the waste package are in progress, and the overall effect on the confinement of
radioactive material within the waste package and the repositoy could then be evaluated.

Ihe effect ofgamma radiation on the prouction ofnitr acid has been estinated for waste paages
in referene 5.9. The results of the alpha analyids could be factored into the degradation std.
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Attachment La Visual Basic Code

The Visual Basic computer code used to calculate theenergy of alphas escaping from
each layer of the fuel pellet, as a function of angle, follows:

Mean Energy Escaped Per Source Particle In a Thickness Layer

Function EBAR(EZERO, LMAX, QX)
EZERO IS THE INITIAL ENERGY, LMAX IS THE MAXMUM RANGE
IL IS THE MINIMUM PATH DISTANCE TO THE ESCAPE SURFACE.
Static ANGS(I To 18), L(1 To 18), ENG(1 To 18)

ANGS IS THE LIST OF ISOTROPIC ISOTROPIC EMISSIONS AS A
FUNCTION
I OF AZIMUTAL ANGLE. ANGS(1) CONTAINS THE FRACTION OF
PARTICLES
I EMIlTED BETWEEN ZERO AND S DEGREES, ANGS(2) CONTAINS THE
FRACTON a

FOR S TO 10 DEGREES, AND SO ON. ZERO DEGREES IS THE NORMAL
TO THE ESCAPE SURFACE.
ANGS(1) = 0.003805
ANGS(2)=0.011387
ANGS(3) = 0.018882
ANGS(4) = 0.026233
ANGS(5) = 0.033385
ANGS(6) = 0.040282'
ANGS(7) = 0.046873
ANGS(8) = 0.0S3108
ANGS(9) = 0.058938
ANGS(10) = 0.064319
ANGS(I 1) = 0.069211
ANGS(12) = 0.073576
ANGS(13) =0.077382
ANGS(14) = 0.080598
ANGS(15) 0.083201
ANGS(16) =0.085171
ANGS(17) 0.086492
,ANGS(18) 0.087156
esum 0 0
L(1) 1.000953 * [X

I
I
I
I
I
I
I
I
I

ZERO TO 5 DEGREES
5 TO 10 DEGREES
10 TO 15 DEGREES
15 TO 20 DEGREES
20 TO 25 DEGREES
25 TO 30 DEGREES
30 TO 35 DEGREES
35 TO 40 DEGREES
40 TO 45 DEGREES
'45 TO 50 DEGREES
'50 TO 55 DEGREES
'55 TO 60 DEGREES
'60 TO 65 DEGREES
'65 TO 70 DEGREES
'70 TO 75 DEGREES
'75 TO 80 DEGREES
'80 TO 85 DEGREES
'5 TO 90 DEGREES
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L(2) e 1.008629 * ILX
L(3) = 1.02428 * IX
L(4) e 1.048529 * LX
L(5) 1.08392 * IX
16)= 1.127382 * LX
L7)= 1.185689 LX
18) 1.260472 X I
L9) = 1.356342 LX
L(10)= 1.480187 * LX
141 1) = 1.64268 0 IJX
L(12) = 1.861159 ' LX
L(13) = 2.165681 0 LX
L(14)=2.613126 * LX
L(15)= 3.32551 * IX
L(16) = 4.620226 5 LX
L(17) = 7.661298 IX

(18S) =22.92559 *X
Forix= I To 18
If (Lux) >= LMAX) Then Exit For
ENG(ix) = EFINA1(EZMRO, L(ix))
esum = esum + (ANOSCix) * ENG(ix))
Next ix
EBAR ' esum

End Function
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STOPPINGPOYYER Macro
'STOPPING POWER IN U02

Function STOPPINGPOWER(EZERO)
Static E(1 To 18), S(1 To 18)
E(1)= of
E(2)= 0.1
E(3) 0.15
E(4) 0.2
E(5)= 0.3
E(6)= OA
E(7)= 0.5
E(8) = 0.6
E(9) = 0.7
E(10)= 0.8
E(l1)= 1#
E(12)= 1.5
E(13)= 2#
E(14)= 3I
E(15) = 4H
E(16)= 5#
E(17)= 6#
E(18)= 10
S(1) 250#
S(2) = 259.69
S(3) - 321.71.
S(4) = 372.13
S(5) 451.55
S(6) = 508.67
S(7) 546.6
S(8) = 568.91
S(9) = 581.84
S(10) = 587.2
S(11) = 577.83
S(12) = 518A8
S(13) = 460.03
S(14) = 374.36
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S(15) = 322.16
S(16) = 284.68
S(17) =256.79
S(18) =255
Forl1= ITo 18
If(I> )EZERO)ThenK=I
If (E(I) > EZERO) Then Exit For

Next I

J = K - 1
DELTAE = E(K) - E(J)

DELTAEO EZERO - E(J)

EFRACTION = DELTAEO / DELTAE

S1 = S(J)
S2 = S(K)
DELTAS = EFRACIION * (S(K) - S())
STOPPINGPOWER =(SI + DELTAS) * 1OA

End Function

'STOPI Macro
'Macro recorded 5125196 by wpd

Function STOPI1(E"ERO)
El EZERO - 0.1
STOPI =El
Exit Function

End Function
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'RANGE Macro
'Range of an Alpha Particle based on initial energy

Function ERANGE(EZERO)
ActiveCell.FormulaRICI = "'=DATE(91,Il)"

' RANGE("H19").Select

El = EZERO
DELTAX 0.00001
For I 1 To 99
STOPPING = STOPPINGPOWYERI)
El = El - (STOPPING * DELTAX)
If (E1 < 0#) Then Exit For
TOTALX = TOTALX + DELTAX
Next I

ERANGE= TOTALX
End Function

Function EPRIME(EZO, DELTAX)

El = EZERO

STOPPING = STOPPINGPOWER(EI)
El = El - (STOPPING * DELTAX)

EPRIPME=El
End Function



BBADOOOOO01717-0200439 REV 00 Page U-l of 14

Attachment II: EXCEL Spreadsheets for 35,000 MWdIMIU

Worksheet for Alpha Particle Transport Calculation
Five Years Cool lime

matria: De 10.4 Radius: 0.845 _ _

6&WISxI5, 3.30doU-235 ) raicc )-
35,000 MWD WMTU Maxdmum

__Source E ~naer Abundance Source Paver Fraction
____ _ ) (MeV Fraction (Wseco oV/s) of Total P

____________ 3.42E-01 4.77 1.00 1.265E+10 6.036E+10 0.0001
8.20E-03 4.68 0.63 2.618E+08 1.153E+O9 0.0000C

U-238 1.47E-01 4.20 1.00 6.439E+09 224E+1 0.0000 Q
QJD-2~37 1.76E-01 4.78 0.87 5.633E+09 2.6932410 00001
Pu-238 1.47E+03 6.60 1.00 6.4392413 2.991E+14 0.6204
Pu-239 1.73E+02 6.16 0.99 6.337E+12 3.270E+13 067E
Pu-240 2.45E+02 5.17 1.00 9.065E+12 4.687E+13 0.0972 _

Pu-241 6.64E+04 4.90 2.30E-05 4.715E+10 2.310E+11 0.0005
Pu-242 9.06E-01 4.90 1.00 3.352E+10 1.643E211 0.0003

-241 6.71E+02 6.49 0.87 1.838&3E+ 1.009E214 0.2093
4n-243 1.03E+01 6.30 1.00 3.811E+11 2.020E+12 0.0042

_______ ToWa: 8.866E+13 4.621E+14 1.0000
Mean Source 6D W Ene n eV) 5.44

Madmum Pn __e brPphas: 1.374E.03
Pllet Radius: 0.A845 I .1
Range (cm): 1.374E-03
No-escape R 0.4831
Escape Friction 0.0028319 (HaHfSpace, Portion of the Source which MIGHT Escan J)e

Mean Energy 64 _ _

0eltaX: i 6.870E205
Number of Steps: 20 (EBAR Values)
'ATH (cm) 1.340E-03 0.0011139 19.6 Lyrs .62 04 1.1363748 9.6 Layers

1271E-03 0.0123689 18.6 6.839E.04 1.843173 8.6 l.s
1202E.03 0.0433995 17.6 L uers 6.152E.04 1.6550361 7.6 lagen
1.134E-03 0.09776W 18.6 Liwo 4.465E04 1.9706887 6.6 Layers
1.065E-03 0.1768842 15.6 Layrs 3778E.04 2.3081177 5.6 Layej
9.961E-04 0.277o094 14.6 Lyer 3.0912-04 2L6874289 4.j Lmyr
9.274E.04 0.3999975 13.5 Lse 2.404E-04 3.1371480 3.6 Lae _

8.587E-04 0.6493814 12.5 Layer 1.717E.04 3.6884453 2.6 Lyers
7.9002E04 0.720969 11.6 Laye 1.030E-04 4.2068113 1.6 Layers
72131-04 0.9148604 ye 3.435EE05 4.9722908 _____

1.61 Average MeY for E!SrsngAPphas
___ __ __ _ __ __ __ _ __ 8.888E213 Source Partciestsecon_ _

2.611E11 Parficcesbec; POTENTUALLY§pn
3.796E211 MeV/seoond E Iprlg I I

________ ____ ___3.796E215 MoleuesiecondFormed
CLIA1r nacip ryemr rminruil I

1~~i I I -- 4

i rrear Der Anbi
-
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Worksheet for Alpha rticle Transport Calculation

One Hundred Years Cool Time
0 2n10A Radu 0.4845 ___s__A

B&WIx5 3.3OwoU 235 -cm I ramftc) __)

35.000 mWWMTU Maxiium _

Source nerg undance Source Power Fction
(CUAsb_ (MP-NO Fraction (aftecd (MeVis) of TOt P

U-234 6.119E-01 4.77 1.00 2.9E410 11.092E+11 0.0002
235 8.22E-03 4.68 0.63 2.624E+08 1.155E+09 0.0000

J-238 A1.47E-1 4.20 1.00 6.439E+09 2284E+10 0.0000
4p-237 2.33E-01 4.78 0.67 7.600E+09 3.685E+10 0.0001

Pu-238 697E+02 5.60 1.00 2.C79E+13 1A.18E414 0.234
Pu-239 1.73E+02 6.16 0.99 6.337E+12 13270E+13 0.0550
Pu-240 2.45E+02 6.17 1.00 0.065E+12 4.687Et13 0.0788
Pu4241 6.62E+02 4.90 2.30E-05 4.783E+08 2.343E409 0.0000
Pu-242 9.06En01 4.90 1.00 3.352E+10 1.643E+11 0.0003
Am-241 2.1DE+03 6.49 0.67 6.760E413 3.711E+14 O.239
Am-243 1.02EGOI 5.30 1.00 3.774E*11 2LODOE+12 0.0034

__ _ Toba: 1.092E+14 6.949E+14 1.0000
Mean Source Alpha Enegy: (MO.. 6.5

Maximum Range for_ Mg: 1.377E.03
P;leit R us: 0.4845
Range (cm): 1.377E.03

oronescape RF 0.4831
Escape Fraction 0.0028381 (HalBpace, Poron ef the Source wthch MUGHT

Mean Energy: 845

DeftaX (m) 6.685E-05
Number of Steps: 20 1 aEB lRY&ues)
PATH (cm) 1.343E.03 0.0010780 19.6 Laya 6.641E.04 1.1378314Q.6 La.

1.274E.03 0.0123050 18.5 Laye L852E04 1.3858718 8.6 Laye
1.205E.03 0.0432821 17.6 LEs 6.164E.04 1.658969 7.6 Layes
1.136E.03 0.0976703 18.6 L ies 4.476E.04 1.9730989 8.6 LAs
1.067E.03 0.176881S 15.6 is 3.787E.04 2.3109414 5.5 Layers
.983E04m 071659 14.6 Layer 3.098E.04 2.6908822 4.6 Les

9295E04 0.4002079 13.5 L6ers 2.410E-04 &1411909 36L
_ 8.60SE-04 0.5498322 12.6 LaYer 1.721E04 3.5930613 2.6

__________ 7.91E.04 0.7211627M 16 i 1.033E-04 42123820 ij.6
722E04 0.9155725 10.6 L s &442E-05 4.9789213 0.6 L

1.61 Average MeV for Escaping Alphas _ _

1.092E414 Source Particlesise__
_.IE+11 Particleshsec POTENTLALLYEscaolg

4.693E011 MoY/second Escapin II
4.693E+5 fMolecukesfecond Fornned

0.2457 Moles/Year perAsbt I
_ 0.O155 1(1grams Year per Asb
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Worksheet for Alpha Particle Transport Cal-culation
One Hundred and Fi Years Cot Time

Matrial: U02 1Dny 'IDA Radius: OA45
B&W15x16, 3.30ydtU2 (CM)

.000 MWD)MTU Maimum- _

source M -AbundanceSo Pawer Fraction
(cssbq (MM) Fraction (ase/ (M F of Ttal P

7.OIE.01 47i7 1.0 2.69410 1.237E211 0.0002
!I-235 8.23E-03 4.58 0.83 2627E+08 1.158E+09 0.0000

UL238 1.47E-01 420 1.00 6.439E+209S 284E+10 O.O00
Np4237 : 2.66E-01 4.78 0.87 8.663E409 4.043E+10 Q.0001
Pu-238. 4.70E+02 6.60 1.00 1.739E+13 9.665E+13 0.1827
Piz.239 1.72E202 6.16 0.99 6.300E212 3251E+13 0.0621
Pu-240 2.44E+02 6.17 1.00 9.028E+12 4.667E+13 0.0891
Pu-241 6.03E201 4.90 2.30E05 4281E207 2.097E+08 QO.0
Pu-242 9.06E.01 4.90 1.00 3.522.10 1.43E611 0.0003

Anz241 1.96E203 649 0.67 6.509213 3.464E+14 0.6616
An-243 1.02E+01 6.30 1.00 3.774E+11 2.000E+12 0.0038

Totalk 9.626E+13 6236E+14 1.0000
Muean Scn ums Alh n iew 15A4

_ _ _ _ Uburn Range for lphjz: 1.374E±03

Pellet Radius: 0.4845 I
~Ei!L(!!____ 1.374E.03 _ _ _

Non~escape FL OASU31 T-- I 1-
______F raction: _._=1__ _ ajgS Pc, on of the Source _ _ch MIGHT

Mean EneWr. 6.44

OeX c 6.870E.05
Nmnberofct Eteps: 20 (EBAR Values)
PATH (erm) l 1.3402D03 0.0011357 19.6 6.626204 1.1369160 9.6 LAyen

1271E.03 0.01242B2 18.6 Le 6.8392.04 13849145 8.6 Laerrs
12ME02 3 0.0435418 17.6 ra 6.152 I04 1.564987.6 Layer
1.134203 0.0979891 18.6 ra 4.465E-04 1.9713179 6.6 L
,_1.06523 0.1761619 15.6 Layer 3.778 2.04 .308804415.6 LayerS
9.961E-04 0274347 14.6 Leyem 30g91E.04 2.6880642 4.6
92742.04 0.4004056 13.6 Layer 2404E-04 31378486 3.6 _
_.687E.04 0.6498109 1.Z6 Layer 1.7172E04 26891567 2J6
7.900E-04 0.7214548 11. ra 1.0302.04 42074885 1.6 ra
7213EW04 0.Ot51833 101 L 3yer .435E-05 4.9730005 0.6 Lay

1.61 Avewe MeV for Esca Athas
_________9.626E413 SourcePatce/eo_ __

2.7265+11 Parilesse PoTENTiALLY Esca
______________ _4.123E211 MeVlsecondE3Cap___

4.123E215 MMo1oCcustUOecor Forned
_02158 Moles/YearperAsbI I I

___ _ __ X 0.0138 Kiog4ram MM Per AMsb
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Worksheet for Alpha Particle Transport Calculation
Two Hundrad Years Cool Time

Mat U02 Dnsk IDA Radiu: OA___
B&W16x15. 3.30 U-2 a )
35,000 MWDMTU Maximum

__ Source Energy Nmdmnce Source Power Fracton
(CEAb) yeV) F I $ ( MeVl) of8 Tof l P

I-234 7.65E-01 4.77 1.00 2.794E*10 1.332E11 0.0003
U-235 8.24E.03 4.58 0.6 2.631 8 1.15tl 0.00
13-238 IA7E-01 420 1.00 6.439E209 2.284E+10 0.0000
Np-237 2.96E.01 4.78 0.87 9.628E209 4.654E210 0.0001
Pu-238 3.17E+02 6.60 1.00 1.173E+13 6A51E+13 0.1386
Pu-239 1.72E+02 6.16 09 6.300EU12 3.251E+13 0.68
Pu-240 2.42EM02 5.17 1.00 6.954E+12 4.629E*13 0.0994
Pu-241 4.68E5O0 4.90 2.30E-05 3.898E+06 1.910E407 0.0000
Pu-242 9.06E-01 4.90 1.00 3.352E+10 1.643E+11 O.O04
Am-241 1.81E+03 6.49 0.87 6.826E+13 3.199E214 0.6871
Am-243 1.01E+01 6.30 1.00 3.737E211 1.981E212 0.0043

Tlat I 8.670E+13 4.655E+14 1.0000
Mean Source Alpha EnerDY. (M 56.43

Maxdmum Range for Alphas 1.372E503
Pellet adius: 0.445
Range (cm): 1.372E.03
Non-escape R: 0.4831 _ _
Escape Fraction: 0.0028278 (HaHfSpace. PoI on of the Source which IGHT Esca. JL)

Mean Energy 6.43 ..

DeflaX (cm) 6.860E.05
Number of Steps: 20 (EBARValues)
PATH (cn) 1.338E03 0.005 19.5 l 6.617E04 1.1346D47 9.5 Layers

1269E203 0.0123125 18.6 Laye; 6.831E I 1A822475 8.6 Lyers
1.200E-03 0.0432318 17.6 Laers 6.145E-04 1.526868 7.5 Laye s
1.132E.03 0.0974545 16.6 is 4.459E-04 1.987873 6.6 Layers
1.063E.03 0.1764200 15.5 h ivrs &773E.04 2.3050492 6.6 La
_9.947E04 02764430 14. Laers 3.087E.04 2.684028 4.6 iyrs
9261E-04 0.3991526 13.6 Lyes 2.401E.04 3.1332449 3.6 L i
_ _76E-04 0.6483385 1Z6 l r 1.715204 3.6841367 2.6 Layes
7.889E-04 0.7196938 11.6 is 1.029E204 4.2019294 1.5 Layers
7_ 203E204 0.9131483 10.5 3.430E205 4.9642 0.6 Laers

1.51 Average MeV for Escapng Aiphas
8.A70E*13 Source ParUldedn4
2.423E+11 Paruclesfsec POTENTIALLYEsa
3.859E+11 MeVlsecond Escapn I
3.659E+15 M doeculelsecond Fomed

________________ 0.1016 lMesIYear ber !_blI
- 0.0121 Kilograns ftear perAsb-
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Worksheet for Alpha Particle Transport Calculation
Two Hundred and Fil r Years Cool Time

Maete: U02 Dent .IO Radius: 0.4845
B&W15x15, 3.3OwtoU-235 warncc) -(cn)

35,000 MWDMT Maxbrnn
source S!.Energy Abundance Power Fraction _

(CIIAs ) MeV) Fraction (ste (MeVn) Of otcil P
7_ 2E-0 4. 1.00 2.930E+1 1.398E+11 0.0003
B.2358.24E 03 4.68 0.83 2.C31E+08 1.159E+09 O.000

UL238 1.47E-01 420 1.00 6A39E409 2242.E+10 O.OW0
__________ 3.24 -01 4.78 0.87 1.043E+10 4.B85E+10 0.0001

Pu-238 2.14E+02 5.60 1.00 7.918E+12 4.355E+13 0.1038
Pu-239 1.72E202 6.16 0.99 6.300E+12 3;21E+123 0.0775
Pu-240 2.41E402 6.17 1.00 6.917E+12 4.610E+13 0.1099
Pu-241 6.00E01 4.90 2.3O050 4.255E+05 2.085E+06 0.0000
PUF242 9.06.EO1 4.90 1.00 0.152E10 1.643E+11 0.0004

-~n241 1.67E203 6.49 0.67 6.376E+13 2.951E214 0.7033
Am-243 1.01E401 6.30 1.00 I7372+11 1.981E+12 0.0047

___________ ________ ___________ Tofaf: 7.735E+13 4.196E+14 1.0O00
Mean Source lh Enenrw. (MeV) 5.43

Maximum Range for Alphas: 1.370E0--
P Rlet Radius 0.4*45

Range (¢ ~1.70E403 .
qmR: 0.4831 1 1
Escape Fracon: 0.0028237 OHaW-Space, Porton of the Source which MIGHT

Mean Energy: 6.43

CbdeaPX (cn) 6.850E205
Number of Steps: - 20 BRVaues)
PATH (cm) __ ___36__ 19 yr 6.6072.04 1.1323764 9.5 Layer

1.2E7.03 0.0122080 1&6 L mye 6.822E44 1.3796868.E 5 ___ Ls
1.199E203 0.0429432 17.6 Lyes 6.13U74 1.6498154 7.5 Layers

_ 1.130E-03 0.0969722 1.6 Layer 4.522E04 1.9647604 6.5 Layems
1.062E-03 0.1747192 16.6 Lys .7E. 04 2.3013947 6.6 Layrs
9.932E404 02765037 14.6 L0ye8s 3.22-04 2.6800878 4.6 Lan
924TE704 0.39762 813.5 Laye 23972 04 3.1287454 3.6 Layer
_E_06224 0.6469235 1Z.6 Le 1.712E.04 3.6792216 2.6 Laeyon
7.877E04 0.7180038 11.6 ii 1.0272.04 4.1964713 1.6 Layer
7.192E.04 091S1925 10.5 ma 3.4252e05 4.96388 .60.5 en

1.61 verage MeVforEscap li~phas
7.735E+13 Source Partidestsecond
2.184E+11 Paricdesiec POTENTIALLY Escapng
3.292E+11 MeVhlecd Escapi ng I|
3292E15 Moleculeslsecnd Formed I

I 0.1724 Moles I YearperAsbJ I|
I 0.0109 Kiograms Year per Asbl
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Worksheet for Alpha Particle Transport Calculation
Three Hundred Years Cool Time

Maierlal: U02--10.4 Radiue: 0.4845
8&W15x1., 3.3WoU-235 _ (ramCC) JL-
35 000 MWDTU M&Admum 0X

,__ Source Energy Abundance Source P&MF Fradction
(WVAsW (MeY) Fraction (aftecond) (MeVi) of Total P -

UI.234 8.17E-01 4.77 1.QC 3.023E+10 1A42E+tl 0.0004
258 E.03 4.#8 0.83 2.634E401 1.160E209 0.0000

1.47E-01 420 1.00 6.439E09 228410 0.0001
Np-237 3.60E-01 4.78 0.87 1.127 +10 6.385E210 0.0001
PU-238 1.45E+02 6.60 1.00 6.365E+12 2.951E+13 0.0772
Pu-239 1.72E+02 6.16 0.99 6.300E*12 3251E413 0.0850
Pu-240 2.40E+02 6.17 1.00 8.880E+12 4.691E+13 0.1200
Pu-41 1.3E501 4.90 2.30E-05 1.149E+05 6.6E+05 0.0000 _

Pu-Z42 9.06E.01 4.90 1.00 3.352E+10 1.6432E11 0.00041
41 1.642003 6AB 0.87 4.957413 2.722E214 0.7116

243 1.00E+01 6.30 1.00 3.700I+11 1.961E+12 0.0051
Total: 7.0572413 3.824E+14 1.0000Q

_Mean So Alpha Eney eV) 6.42 _

Madimum Range for As: 1.367E 03
l Radju: 0.4845 I _

Rean (cn): 1.367E2031 _
Non-escape 0.4831
Escape Fraction 0.0028175 (a-Space, Porion of the Source which MIGHT E__))

Mean Ena:ff SA2

DeftaX (cm) 6.8355 _

Number of Steps 20 (EBAR VWaes) _ _
PATH (cn) 1.333E.03 O.011352 19. iesl 6A93E04 1.1318792 9.5 Liaers

1.264E203 0.0123521 18.6 Laers 6.8102E04 1.3789474 8.5 Laye
1.1962E03 0.0432597 17.6 6.126E-04 1.6487431 7.6 LaYers
1.128. 0.0973576 168 Liers 4.44E304 1.96205 6.6 Layers
1.059E- 0.1751298 15. Larers 375904 22995318 6.6 1ayers
9.911E204 0.2769128 14.6 Laes 3.076E204 2.6776227 4.6 aers
922704 0.39B3249 13.6 Laers 2.392E204 3.1258767J 3.5 yers
.644.04 0.6470744 12.6 Layer 1.709E404 36765976 2.5 e i

7.860E04 0.718027O 116 1.025.E04 4.1918395 1.65 Layrs
7.177E.04 0.9110146 10.6 Layers &417E.05 4.95474440.6 0. er_

1.61 Average MUV for Escap n Alphas
_______ __ 7.0572+13 Source ______tic sor

1.88E+11 Partidestsec POTENTUALLYEsca
________ _______ X2.995E411 MeVsecond Escapb 1I1

,995E+15 Mdeculefiecond Formed I
0.1568 MoesIYear erAsbi

____________ ______ __ 0.0099 Kllograms INear per Abl
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Worksheet for Alpha Particle Transport Calculaton

Four Hundred Years Cool Time
_ lel~-4 -M w: UO7"J Der~y- 10.4 Radius: 0.4845 _ _ ___

B&W15x15, 30wtoL-2 (gramft) -CM)

5.0MWD/MTU _ _Maxlrmn -_

_Source Ener Abndance Suc Paoer Fractfl
(CUAsbl) Wev) Fraction (hls _n fVi) of TOtal P

i*34 6.5E-01 4.77 1.00 3.1272+10 1A91E211 0.0005
Ul-235 6.27E-03 4.68 0.83 2.640E208 1.163E+20 0.0O0

1.47E-M 420 1.00 6.439E+09 2284E+11 0.0001
Np .L. 3.96E01 4.76 0.87 1.276E+10 6.093E+10 0.0002
Pu-238 6.62E+01 6.60 1.00 2A42E+12 1.347E-+13 0.0415
Pu-239 1.71iE02 6.16 0.99 6.264212 3.232F413 0.0995
Pu-240 2.37E402 6.17 1.00 8.769E+12 4.634E+13 0.1395

u-241 9.85E-02 * 4.90 2.30E-05 8.382+404 4.107E+05 0.000
Pu-242 9.06EO01 4.90 1.00 3.352E+10 1.643E+11 0.0005

-241 1.31E403 6.49 0.87 4.217E+13 2.315E+14 0.7124
Am243 9.95E+00 6.30 1.00 &682E+11 1.951E+12 0.0060

I___ ToWa: 6.010E.13 3250E 4 1.0000
Mean Source Alphea 6irW (M~leY) 5A1

_dimurn Range for Alphas: 1.63E.03
Pellet Radius: 0 5 1
Range (cm 1.363E203

Nor~ecapFt: 0.4831
Escape Fraction: 0.0028093 (HfSpace, Podton of the Sou8ce which MIGHTr E e

Mean Ener.41 _ _

DelItaX (cm) 6.815E205 _______

Number of Steps: 20 EBARVlues)
PATH (m) 1.1O9Ei03 0.011098 915 Lai 6ea 7404 1.1283704 9.6 1 __s

1261E403 0.0122430 18. 5 ers 6.793E204 1.3748401 &6 Lair
1.193E.03 0.042932817.6 mr 6.111.4 1.440788 7.5 Layers
1.124E3 0.096748 16 ra 4A430E04 1.957853 6.5 lai ___

1.056BE03 0.1742185 15.6 3.748E204 22934270 5.6 Lai ___

9.A8204 0.274406 14.6 aes .067E-04 2.670760 4.6
62002E44 0.3966641 13.6 Layers 2.385E-04 3.1178845 3.6 L sa"_
8.61SE204 0.6450087 12.6 Layer 1.704E-04 3.6670112 2.5 ___

7.837E 04. 0Q7155071 11.6 Layer 1.022E2041 4.1820986 1.6 La Ye_
7.156E-04 0.9080236 10.6 Layers &407E.05 4.9434723 0.65 Laer

1.60 verage MeV forEping Alphas
6.010E+13 Soure Perah _____

_ 1.5811 Particlestae POTENTIAILY
________ ______ ________ 2.637E+11 MeVlseond Escpi

2.637E+15 toleculesisecond Formfed
0.1328 Moes pYear PerAsbl I
0.0 084_ . K ms JYear perAsbt
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Worksheet for Alpha Particle Transport Caculation
Five Hundred Years Cool Time

t Ue 10.4 Rediu. 0.45
S&Wl5x. 3.W oU-35 ______ _ (c_
35,000 MWVDMTU Maximun _

Source EreyAbundance source Power Frsction
|(CUAsbI) (MeV~ 1 Fraction W o MeVis) of Total P

U234 8.68201 4.7 1.00 3.176E+10 1.514E211 0.0005
u-235 629EZ03 4.6 0.63 2.646E+08 1.166E+09 0.0000
U-23B 1.47E01 420 1.00 6.439E+09 2284E+10 0.0001
Np<237 4.35E-01 4.78 0.87 1.4OE+10 6.693E+10 0.0002O
Pu-238 3.03E+01 6.50 1.00 1.121E+12 6.166E+12 0.0217
Pu-239 1.71E+02 6.16 0.99 6.264E+12 3.2322+13 0.1139
Pu-240 235E2o02 6.17 1.00 8.952+12 4.495E+13 0.1584
Pu-241 9.74E202 4.90 2.302E05 8289E+04 4.061E+05 O.0000
Pu-242 9.06E.01 4.90 1.00 3.3522E10 1X632E+11 .O0o00
An-241 1.12E+03 5.49 0.87 3.605E.13 1.979E+14 0.6976
Arn-243 9.66E+00 6.30 1.00 3.648E+11 1.934E+12 0.0068

Totl: 6258E+13 2.837E+14 1.00CX
Mean $ource Jpha Enenw. 4Me0 5.40

JI !uLrfn Range forAlpha: 13592E03
_e _ Radius: 0.4845 _ _ _ _

Ranae an 1.3592E03
Mon<M~aR: CA S431

Escape Fraction: 0.0028010 (Haf-Space, Porton of Uhe Sarce vNtch MIIGHT Escaoe)

Mean Enorty. 6._

Detata (cm) 6.795E-05
Nuinberof Steps: 20 MMV es _
PAlH (cm) 13252E03 0O.00976 19.5 Lra 6.455E-04 1.1251742 9.5Lys

12572-3 U0121673 18.5 Laye 6.776E-04 1.3710877 8.6 Lnyen
1.189E.03 C00426918 17.6 Layes 6.096E-04 1.6397789 7.6 ayr___
1.121E.03 0.096293 16.6 Lyes 4A17E;04 1.9528581 6.6L
1.053E.03 0.173474815. 1 s6 8.r37 2.2877245 6.C
.853E.04 02735699 14.6 Layers 058D-04 2.6843472 4.5jj
9.1732-04 0t3952418 13.6 ren 2.378E.04 31105227 3.65L
8.494E04 .5432007 12.5 Law 19E9-04 3.6588380 2.6y

___________ 7.B14E 04 ; 0.7132718 11.6 1.0192.04 4.1727480 1. L _yen

______ 7.1352-04 O.E053435 10 L ryes 397E.05 4.9326089 0 Ly

1.CO Avenree UMeV for E!cap n Uha
. CZ58E+13 Sounoe Pesdeftecxnd

I 1.473E+11jad/ PO!1!SE E NTpz}fiUMLY an
Z.21ift'+1II1mevisecono bscamna I

i i 2 �=.� mcules/ecndforme7d ___

1* 9. _________ -
^ ,.Fe . .

U.11,1blmole5 i ear or wim I
t I
b I I. -
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Worksheet for Alpha Particle Transport Calculation
Slx Hundred Ya2M Cool Time

Material: U02 ~ "~" r.Densty: 0.4845-
6&W15x15, 3.3doU.235 __m_ _

35,00 MWWW MT MOmn _

Ioure EnergyoA bundance Source Power Frta dk
MeV) Fraction (lafecond) (Mo~i) of Total P

-4501 4.77 1.00 3.197E+10 1.525E+11 0.0006
U-235 _ 830E-03 4.68 0.83 2.649E+08 1.167E+09 0.000
LJ-28 1A7E-01 4.20 1.00 6.439E+09 2.284E+10 o.o00n
Npi237 4.69E-01 4.78 0.87 1.610E+10 7.216E+10 0.0003
Pu-238 1.39E+01 5.60 1.00 6.tUE+11 2.8289+12 0.0113
Pu-239 1.70E+02 6.16 0.99 6.2272+12 3.213E+13 0.1288
Pu;240 2.32E+02 6.17 1.00 8.684E+12 4.438E+13 0.1776
Pu-241 9.66E-02 4.00 2.30E-05 8.221E+04 4.028E+05 0.0000
Pu-242 9.05E-01 4.90 1.00 3.349E+10 1.641E+11 0.0007

41 9.62E+02 6.49 0.87 3.064E+13 1.682E+14 0.6732
Arn-243 9.77E+00 6.30 1.00 3.615E+t1 1.916E+12 0.0077

Total: 4.642E+13 2.499E+14 1.0000
lMean Source Alp zaEner: (Maey) &38

Mamdrn Range lor Alphas: 1.355E.03
Pellet Radius: 0.4845
Range (cm): 1.355E2-03 _
Nonsescape-R; 0.4831
Escape Fraclion: 0.027928 (Half-Space. Portion of the Source which MIGHT ____

Mean EnerWy 6.38

DehlaX (can) 6.775E-05
Nlumber of Stepms 20 3BUR Values)
PAl7h (cm)__ 1321.03 0W0010854 19.5 Layers 6.436 14 1.1219865 9.6 L __s__

1;253E__ _ Q0120847 185 Layers 6.75SE904 1.3673430 8.5 Layers
1.186-03 0.0424550 17. Leyers 6.081E.04 1.6354847 7.6 L ryea
1.1182I03 0.0958324 1&5 Layers 4A.40404 1.9478719 6.6 el _ e _s

01.050203 .1727376 15. Layers &726E-04 22820283 5.6 L rsa_
9.824E204 0.275066 14.5 Les .049 04 2.6579502 4.6 Layers
9.146E804 Q393 821 6Wers 2.3712 O4 3.1031851 3.6 L ____

8.469E-04 0.6414002 12.5 Laer 1.694E204 3.6506699 2.6
_ 7.791E-04 Q7110407 11.6 Lys 1.016E.04 4.163398 1.5 Layers

7.114E204 &0.26723 Laye 3.387E.05 4.92174800.5 Layers

*A9 1verage Me for EscaPrW AipS
4.642E+13 Source ParUlclesaseond __

12962+1 ParUdcleskec POTENTU LYEsca 4o
1.9382+11 MeVisecond Escaping I
1.9382+15 Moleceecond Formed

__________ _________ Q.1014 Motes I Year per Ab l I
________ tl______ 00064 1Kblogranis 9ear per AsW -
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Worikshet for Alpha Particle Transport Calculation
Seven Hundred Years Coot lime _

00 "GM2Deuiwty 10.4 Radius: 0.4845
B&Wl~xl6. 3.3DwtoU-23 ________n -

.000 MW /MTU Maximum r____
Source Energy Abundance Source Power FWaCUion
(I e Fraction (aftecond) MeVi) atof Total P

I-234 6 8.66E-01 4.77 1.00 3204EM10 1.628E+11 0.0007
8.32E-03 4.68 0.83 2.655E08 1`.170E+09 O.0000
1.47E-01 4.20 1.00 GA39E+09 2.284E10 0.0001

Np237 4.97-01 4.78 0.87 1.600E+10 7.647E410 0.0003
Pu-238 6.44E*00 6.60 1.00 2.383E+11 1.31SE412 0.0059

Pu-239 1.70E*02 6.16 0.99 6227E.12 3.213E+13 0.1440
'u-240 2.30E+02 6.17 1.00 8.510E212 4.400E213 0C.19172
Pu-241 9.58E.02 4.90 2.30E-05 8.153E804 3.995E205 O.O0K
Pu-242 9.05E-01 4.90 1.00 3.349E+10 1.641E11 o.007n

-24Z41 6.11E802 6.49 0.87 2.611E+13 1.433E+14 0.6425
kn-243 9.681+800 6.30 1.00 3.582E+11 1.898E+12 O.O085

TotaL: 4.153E+13 2.231E4U 1.0000
________ ______ Mean Source Alph Eer (MM 6.37 _

Maximum Range for Aphas: 1.351E-03
Readt ius: 0.4845

Range (crn* 1.351.E03
Ftrscp OAU331

____e Fraction: 0.0027846 (Half-Space, oonf V Source which M _IGHT E_

Men Enrr. 6.37IIII

ebt p(cn) 6765E.05 rI __ 1____

inJwnberof Steps: 20 (EBAR ues) _Ir

'AlH (am) 1.317E-03 0.0010622 19.6 6.417ED04 1.1185331 9.6 Lase
1250E-03 0.0110943 18.6 msl .742E-04 1.3633022 8.6 Layers
1.1821.03 0.0421482 17.6 is 6.066E.04 16308829 7.6 L ryes
1.1152.03 0.0952660 16.6 Lsyer 4391 04 1.9425706 6.6 L _ye _

1.047I.03 0.1718613 15.6 L 3ye .7158E04 2.2769919 6.6 Lsye
9.795 104 0271274 14.6 LYers 3.040E041 2.6512350 .6 Le er _

9.119E204 0.3922112 13.6 Lay.s 2364E-04 3.0954415 3.6 Leye
_ _44E404 0M93854 126 Layer 1.689E.04 3.5421412 Z6 is ___

7.768E04 0.705690 11.6 Layers 1.013E-04 4.1537090 1.6 Lee
7.093E.04 .897411 10.Q5Ley 3.37E7.05 4.910526 0.6L iy __

1AI verage MeV for EscaPlng Alphas
4.153E+13 Source Parfilese_____
1.156E+11 Partideafsec POTENTALLY Eica
1.724E+11 eV/second Escap __ I

=________ 1.724E+15 oleculestsecond Forned ___

Q.09031 des/Year perAsbl I
_________r_ 0.005 Ilogmams IYear per Asbi
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BBAOOOOOO.01717.0200.00039 WJ CO Page Il-Il of 14
Worksheet for Alpha Particle Transport Calculation

Elaht Hundred Years Coot Tnme
U02 DensnT. ~~~~10.4 Radius: GANS4

B&WlW5. 3.3IoLL25 (crn)
35.000 MWD1U Max n _

Source E Abundance Source Power Fraction
{CV.sbl) Fraction (MeVs) of ToialP

._,, _7_ - 4.77 1.00 32052+10 1.630E+11 .0008N
U1-235 834E.03 4.68 0.83 2M61208 1.173E.09 0.0000

WJ-38 1.47E.01 42D 1.00 6.439E+09 2.284E+10 .0001 __

NPW 622E01 4.78 0.87 1.680E+10 8.032E+10 O.OO4
Pu-238 2.99E+00 6.60 1.00 1.106E+11 6.085E411 0.0030
Pu239 1.69E+02 6.16 0.99 6.190E+12 3.194E+13 0.1594
Pu-240 2.27E+02 6.17 1.00 8.399E+12 4.342E+13 02167
Pu-241 9.60E-0 4.90 2.305-05 8.085E+04 3.961E205 o.o0o0
Pu-242 9.05E-01 4.90 1.00 3.349E+10 1.641E411 0.0008

-241 6.91E+02 6.49 0.87 2.224E413 1.221E+14 0.6094
W243 9.69E+00 6.30 1.00 3.648E+11 1.881E+12 00094

Total: 3.73E2+13 2.004E+14 1.000W
Mean Source Alpha EneDY: (5eV 6.38

Makdmum Psnwve torAlphsr 1.347E.0
zettt Raius: 0.4845I
(cmye __ _ 1.347E14 0

Yo-scape Ft OA832
Esape Fraction: 0.O027763 (Half-Sva, P on of the Source which MIGHT EscaoeJ)

Mean Enry, 6.36

DeotaX (cm) 6.73SE=05 ___

Number f Steps:. 20 (EBAR Values)
PATH (cm) 1.313E203 0.0010448 19.6 Lersi 6.39824 1.1152108 9.5 Layer

_________ 1.2482.03 0.0119082 18.6 Lesl 6.725E.041 1.3594098 8.6 L~ayers _

1.17SE-03 0.0418782 17.5 Lers 6.0512.04 1.6264325 7.6 L iyers
1.111E-03 0.0947644 16.6 Layers 4.378EW04 1.9374194 6.65 Layer
1.044E-03 01710547 15. is 3.704E204 2.2701228 5.6

__________ .7882.041 0.270134916 ra3.031E.04 2.6445718 4.6 Layers
9.092E-04 0.3906965 13.6 oi 2.357E-04 30878927 3.6 Laye r
G 08.419 4 0.6374767 12.6 r 1.684E.04 36337812 L6 La2e.

__________ 7.745E204 0.7062184 11.5 1.010-E04 4.1441768 1.6 Layers
_ 7.72E-04 0.69330 10.6 &s 3367"05 4.6g94728 0.6 Layem

1A9 Average Me Vlor EscsigAW
3.735E+tS Source PsrUdestseconrq

_________ 1.038E+11 Particlestsec POTENTIALLY Esca
.1.643E+t1 Ukehecond Escaptno I -

t.643E+15 Mobaeuessecond Famed
0.0808 MolesIYearperAsbW I

___________ ___________ 0.0051 KIograms NYear perAsbi
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DBADO000O.O1717-02O0.C0O�39 REV 00 Page 11-12 of 14
Worksheet for Alpha Partie Transport Calculation

Nine Hundred Years Cool Time
D- - - - -O. -

Matke~rWU: .02 I ernW tyj- 1.f4 Radius: 0.4845 _ _ -

S&W15x15, .30ddolU235 . (6M -

35,00MWDMTU Maxmum _
Source Ene Aburdance Source Power Fraction
CVAsbl) w Flaction (t (1k/ea) of Total P

UZ23 1.68E-01 4.00 3212E.10 i.632.11 0000
U-235 USSE.03 4.68 0.83 2.664E+06 1.174E509 0.0000
U-238 IA7E-01 4.20 1.00 6.439E509 2284E510 0.0001

NpsZ37 642E ---- --0 4.78 0.7 1.745E+10 6.840E510 0.0005
Pu.238 1.40A+00 5.60 1.00 6.180E+10 2.849E+11 0.0016
Pu239 1.69E+02 6.16 0.99 6.190E+12 &194E+13 0.17659
Pu-240 2.25E402 6.17 1.00 6.325E+12 4.304E+13 0.2369
Pu-241 9SA3E.02 4.90 2.30E.05 8.025E+04 3.f32E+05 0.0000
Pu-242 9.05E-01 4.90 1.00 3.349E+10 1.641E+11 0.0009

I241 .895E+02 6.49 0.67 1.896E+13 1.0415E14 0.6730
-2nt43 9.60E+00 5.30 1.00 3.515E+11 1.663E+12 0.0103

Total: 3.397E+13 1.816E514 1.0000
MeanSour ce.35pha n 1._5

- Maximum Rtanoe for Ia : 1.342E.03
Pellet Radius: 0.4845
Range (cm): 1.342E503
Non"M=pe k; G.A3
Escape FracUiorc 0.0Q07660 (Half- PotFcon of the Source vhdch bIGHT E cype))

Mean Energy, 6.35

OeftaX(crn) 6.710E.05
Nmnber of teps: 20 (EBAR Vales)
PAllH (crn) U E0 011d0E12 18Ji Leyers 6.3J4 1 1.1130134 9.C Layem

1.241E.03 0.0120046 18.6 Lay 6.703E-CI 1.356M 8.6 L _qe

1.174E503 0.0420505 17. Layers .032E4 1..23B56 7
1.107E-0 0.094892 18.5 iLyes 481E5041 1.9332621 6.6 L sa ___

1.0405-0 0.1710468 15.6 Lazu 3 OE.04 2.652646 L___
_________ 9.729E-04 02899521 14.6 L s 3.019E-04 26387858 4.5 Laver

9.058E-04 0.3902778 13.6 Layes 2.3485E04 3.0809817 3.5 LaYen
8.387E.04 -0.536846 12.5 Lyr 1677E.04 362590122.SLyen
7.716E.04 0.7050323 11.6 Layim 1.006E44 4.1346972 1.5
7.0455E44 0.695314 10.6 Layes 3355E05 4.8882127 0.Layers

1.48 Average MeVfor EscaP ph _

3.3S7E+13 Source Partidesseoo
9.395E510 Particleswec POTENTLALLY Escano
_1.394E+11 MeVlsxond _n I7I
1.394E+15 Mdecuesfsecond Formed

0.0730 MoleslYearperAsbl I
___________ 0.0046 Kilograms Ifear per Asb
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Worksheet for Alpha Partie Transport Calculation
One Thousand Years Cool Time

Ma 1tea: 02nm 1 .4|Rdu: _

B&Wl6Xl5,3.3DidoU __ _

MWD/MTU Madrium _

__Source Energy Abundance Source Power FracUon
_ar~sb e Frdion a (a MeY/s) RY&Ta -

_______ 8.68E-0 -4.77 1.00 3212E4101 1.632211 a0009
123w5 :8.37E-03 4.68 0.83 2.670.081 1.177E+09 0.00

1-238 1TAE-01 4.20 1.00 6.439E+o0 2.284E+10 0ooD0
Np237 560E01 4.78 0.87 1.803E+10 8.617E+10 0.0005
Pu-238 6.0-01 6.60 1.00 2.442E+10 1.343E11 0. 000
Pu-23 1.69E+02 6.18 0.9 6.190E.12 3.194E4.13 01927
PU240 223E02 6.17 1.00 8.251E+12 4.266E213 02574
Pu-241 9.35E.02 4.. 0 2.30E-0 7.957E04 3.8989E+05 .0000
Pu-242 z9.05E-01 4.90 1.00 3.349E+10 1.641E+11 0.0010

-m241 602E+02 6.49 0.67 1.616E+13 8.871413 0.635
Am243 94124AE+00 6 1.00 3.482211 1.8452E12 0.0111

Tol: 3.103213 1.657E2+14 1.0000C
MeanSource Al Eeq. _C.34

Mlaxhum Range forAlphas: t=Eh38
Pellet Radius: -0.4845 ._
Range (cm): * 1 E.038E

Nonescap_ R: 0.4832 _

Escape Fraeion 0.0027678 (Hal-Space, Portion of the Source MAich MIGHT __e_

DeltaX.(cm) 6.690E0 _ _ =
Number of teps: 20 VaMues _

PATHI (cm) .305E-03 0.0010622 19.6 Tars 6.355E.04 1.1091366 9.6 Layers
1.238E203 0.0118814 18.6 LsWe 6.688E.04 1.521914 8.6-lyers
1.171E-03 0.0418376 17.6 Isyen 6.017E.04 1.61800107 jlyers
1.104E 0.0941462 18.6 Layers 4.348E-04 1.9274578 8.6 layro
1.037E203 0.1699598 15.6 Lyem E67-04 2258884 65.6 L ray
8.700E.04 0.284572 14.6 Lsyen 3010-4 2.6315402 4.t L syen
9.031E-04 0.383488 13.6 Layers 341E204 3.0727021 3.jLYr
8.362E.04 0.6343016 12.6 Layer 162-04 3.6167954 2._
_____ 7.693.04> 0.7021917 11.6 Layer 1.003E2-4 4.1244511 1.6jLr
7.024E204 0.8919741 10.6 Laye 3.345 .0 4.876407E 0.6

1.48 Aertage Mse AOTENTA L Ephas
3.106E+131 Source Paft~de&seuxxoWf

-8.t66E+tO PsrU deshlec POTlENTIALLYE2Ka
_1J26Ev11 IMOVtooond pin I

uiAwImni p vmoar lAWAh I

UMM.-Ek&r
.- E . w ._

nrnis Near per Asbl
I

- I -
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P S,'I"

Time (Years) Molesfear kgtYear
6 0.1987 0.0125

100 02457 0.0165
150 02168 0.0136
200 0.1916 0.0121
250 0.1724 0.0109
300 0.1668 0.0099
400 0.1328 0.0084
600 0.1185 0.0073
600 0.1014 0.0064
700 0.0903 0.0057
600 0.0808 00051
900 0.0730 .0046

1000 0.0063528 0042
PerAsbl PerAsbl

100-1000Y) 109.69 6.9042

loesbSOOY kq1OOY
er 21 Asb1 Per V Asbl

, 230.39 14.s9

Total ('
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Attachment m: EXCEL Spreadsheets for 48,000 MWdIMTU

Page M- of 14

Worksheet for Alpha Particle Transport Calculation
. Five Years Cool Time
~=21: U02 Destr 104 Radius: 0.48451

B&W15x15, 4I0zvoU-235 _ _ (rkc) (Cm)
48,000 M Maxknum

Source Eneru Abundance Source Power Fraction
Pa/Aso) (MeV) Fraction zMeV/s) of Total P

L1-234 4.03E201 4.77 1.00 IA91E.1O 7.1139+10 0.0001
U-235 8.13E503 4.68 0.63 2.497E408 1.143E+09 0.0000
11-238 A14E-W1 420 1.00 6.328E+09 2238E+10 0.0000

S 2.632-01 4.78 0.67 6.466E209 4.0472.10 0.0001
Pu-238 2.804E03 6.60 1.00 1.036E214 6.698E+14 0.7174
Pus239 1.882E02 6.16 0.99 6.S86E+12 3.653E+13 0.04471
Pu-240 2.L1E+02 5.17 1.00 1.077E+13 6.567E+13 0.07011 _

Pu-241 6.68+04 4.90 *2.30E.05 6.855E+10 2JB69E+11 0.0004
Pu-242 1.34E+00 4.90 1.00 4.9582+10 2.429E+11 o.o003
Am-241 7292E+02 6A9 0.67 2.347E213 1288E+14 0.1622
An-243 1.90E+01 6.30 1.00 7.030E+11 3.726E+12 O.O047

Tctal: 1.456E+14 7.942E+14 1.0000 _

Mean_ _urce 5En4er6 11 (M .46
PelletM am Range forAlphas: 1.3810 -

Pellet Re =iur OA845
Raw- (cm): 1.381E503
Yoosape Ft 0.4831.

Escape Fractio 2 (HalfSpa, Pon of the Source whIch MIGHT

Mean Energr. ISM

Yumber of Steps: 20 (EBM Values) -

'ATI (cn) 1.346E.03 0.000635 19.5 Layers 6.660E.04 1.1401350 9.5 Lers
1 70 0.0123076 18. Layers 6.8 0 1.3885 8.6 laer
1Q208E-0 0.0433447 17.5 Ifers 6.179E.04 1.ii647977.6 La r7
1.1395203 0.0978761 16.6 Layers 4.488E204 1.9772764 6.6
1.070.031 0.17E2581 15.6 Layers 3.798E-04 2.3157642 6.6
11.001E.03 02777959 14.t Lyers &107E-04 216964533 4.6 Ls

322204 0.4011120 13.6 ayers m 417E-04 &1476450 3.6
8.631E-04 0.6510887 12j Layer 1.726E804 3.6002982Z.6
7.941E.04 0.7232444 11.6 Lyers 1.03E-04 4.2208351 1.6 Layen

_725-04 0.0176837 10.5 Layers 3A52E505 4.9888388 0.

1__2 M1fAvera eViorEscapi Al has
1AS6E104 So.0 ce0Param scirsear I

4.143E-+11 Partides/sec POTENTALLysc
6285E+11 MeYIsecond Escapirg I

; . ~ ~~~~~ 6.285E+15j euefton and
0.32901Moles. INearpersb1

. . 0.0207 l~~~~~~iogwns Pfea~~~r per AsW
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Worksheet forAipha Partce Transport Calculation
-One Hundred Years Cool Time

Maierial: U02 Den 10 Radius: .484 --

S&W 15x15 42Oidol235 _ _m_____) I (cr)

souEneSourcAe bundance Source Power Fracton _

-__ -_ CVAsbQ yeV Fmcfion (aftecond) (MeV/s) of Total P
_ _31E__ _ 4_77____ 1.00 3.445E+101 1.63E*11 0.0002

WS 35 &15E.03 4.68 0.83 2.603E 1 1.146E+09 0.0000
A14E-01 420 1.00D 328E+09 2238E+10 0.0000

Np237 &36E-01 4.78 0.67 1.082E+10 6.170E4.1t 0Q0001
Pu-238 1.33E+03 6.60 1.00 4.921E+13 2.707E14 0.326
Pu-239 1.87E+02 6.16 0.09 6.650E212 3.635413 0.0425
Pu240 2.94E+02 6.17 1.00 1.088E&13 6.624E+13 0.0877
Pu-241 6.S9E+02 4.90 2.30E-05 .948E+08 2.915E+09 0.0000
Pu242 1.44E00 4.90 1.00 4.958E210 2.4E2911 0.0003

1241 2.632E03 6.49 0.87 8465E+13 4.648E+14 0.6592
Am-243 1.88E+01 6.30 1.00 6.956E+11 3.687E+12 0.0044

-Total: 1.624E+14 8.312E+14 1.0000
Mean Source Alpha Emw. -M !eY 5.45 S

_ Ma)dmurn Range for lpas: 1.380E-03
pellet Radius: 4845
Range (c): 1.380E03 .
Non-escape R: 0.A31
Escape Fracion 0.0028442 fH2N-Spece. Pori on of the Source which MIGHT Escape))

Men Enewhy 6A5-] i

enfit (cCrn) 6.9002-5 _

Nurnberof Steps: 20 (EBAR Vdues)
PATH (cm) 1.345E203 0.0010863 19.6 LA .655E504 1.140O16 9.6 LaYent

1.276E803 . .0123591 18.6 Laye 6.885E204 1.3888527 8.6 L __e _

1207.3 0.0434588 17.6 Laye 6.1756504 1.680lS99 7.6 _____

1.138M 0.0980154 18 Layi 4A85E-04 1.9768058 86 La ye___
1.0690 01764118 15.5 LaYer 3.7952-04 2.315177 56 La ___

1.000E0 02 524 14.5 3.105E£04 2.6958384 4.6
9.31SE-04 0.012571 13.6 Leers 2.415E404 3.1466671 3t.6 im
8.625E.G4 0.6511647 12.6 r 1.725E.04 3.6991359 2. SLayers
7.935E.04 0.7232812 11.6 Layers 1.035E204 4.2193381 1.6 Layes
7.245E-04 0.917557 10.6 Layes &450E.05 4.8870054 0.5 Layers

1.SZA2 rg MOV for ~A lphas _
X X - ~~~~~1.624E+14 &neParaceslan I

4.334E211 Peascse POTENTIALIY Ewa dr
6. 023E+11 K1Iord Escaping I
6.673i*1S5 Forie

0.3441 F~es/Yesr DerAsbi I.
0.0217 1(flograms /Year per Asbl
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Worksheet for Alpha Particle Transport Calculation
One Hundred and n e HYears 1 Time-

Material: U02 91 De Radius: 1 0.4845_
B&Wl5x,5 4.42WoU-235 _ (gracc) (CM)
8,000 MWDYMTU Maximum

Source Energy Abundance Source Power Fraction
(CLIAsM9 (Mav Fraction Latecond) (MeVis) of TOtal P

U-234 1.09E+00 4.77 1.00 4.033E210 1.924E+11 0.0003
U-25 8.16E503 4.68 0.93 2.606E208 1.148E+09 0.0000
UJ-238 A144E-01 4.20 1.00 6.328E+09 2238E+10 0.0000
NP.237 3.77E01 4.78 0.87 1214E+10 6.8014+10 0.0001
Pu-238 8.94E+02 6.S 1.00 3.308E+13 1.8192+ I 02581
PU-9 1.87E402 6.16 0.99 6.850E+12 3.635E+13 0.0497
Pu-240 2.93E+02 6.17 1.00 1.084E+13 6.605E*13 0.0J89
Pu-241 627E+01 4.90 2.30E-05 6.3362407 2.6152E08 0.0000
Pu-242 1.34E+00 4.90 * 1.00 4.958.E10 2429E11 0.0003

-241 2.45E+03 6.49 0.87 7.687E213 4.330E14 O.694
-243 1.87E201 130 1.00 6.910E+11 3.67E12 0.0052

___ _ Totil: 1.3042+1 7.105E+14 1.0000
Mean Source Alpu Ene My: Y) 5.45

Maxdmum Range for Alphas, 1.377E.03
Pelet Radius: 0.4845
Range (cm): 1.377E03
Nonspe R: 0.4831
Escape Fraction 0.002U381 (Half-Space, PortIon of the Source mh4* IGHT Esc_)

Mean EnerW: C.45

DealaX: (cm) 6.t85E 05
Number of Steps: 20 (EBAR Values)
PATH (c) t1.343E-03 0.0011261 19.6 ml 6.5415.04 1.1388295 9.5 Layers

1274E-03 0.0124321 18.5 a1 6.6522E04 1.387192e 8.6 La era
1.205E-03 0.0435972 17.6 L 5r.164E 04 1.6583288 7.6 La
1.136E-03 0.0981385 16.6 Leyr1 4.475E.04 1.97449436 B.6 Laer
1.0675-03 0.1764787 15.6 Lsyers T.7a7E 04 2.3124811 5.5 L6 rs
9.983E-04 02779298 14.6 L 3yen .0982E04 269278 .6 1
9295E-04 0.4011113 13.6 Layer 2.410E-04 &1427365 3.6 L
_.606E-04 .6507819 12.6 Layer 1.721E-04 .6948348 2.6L1yen
7.916E-04 0.7227002 11.6 Slyo 1.033E-04 42138767 1.6 Layer
F 7.2292-04 0.9167283 6~ Lyea 3.442E205 4.9804912 0.6

1.Si Aiierae Uk Yfor Eicsipio Alphas
i1304E14 sourc Psr~d!!M2Ego
3.702E+11 Partides/sac POTENTIALLYE Ir
6.608E+ll Ile/ second Escapirns I

6MB0E+15 Molecules/secorld Fonned
- 0.2936 Mdes/IYearperAds I

-- _ _ - ~~~~~~~0.0185 l9lognrams I~ear per Asbl



BBAMMMMUM171-020-003RV OO PaqeII.4 of 14

Worksheet for Alpha Particle Transport Calculation
Two Hundred Years Cool Time

MaterialteUWM7~ IOA RaA 5 o.5
B&W1Sx15.42doU235 l_(a c) n -a
8.000 MWDJMTU maximnun
.__________ Source Enerm Abundance sour P r _ FSeacon

(ClUAsbl) (mOa ) Fraction oafd IMeYJ) f TWOaP
LJ-234 1.19E+00 4.77 1.00 4A021 .l041 0.0003
U-235 8.17E-03 4.68 0.83 2.609E+08 1.1492E09 0.0000
U-238 1.44E-01 42D 1.00 6.328E+09 2238E+10 0.0000
Np-237 4.15E2-1 4.78 0.67 1.336E+10 6.386E+10 0.0001
Pu-238 6.03E+D2 6.0 1.00 2.231E+13 1:227E+14 0.1988
Pu-239 1.87E+02 6.16 0.09 6.850E+12 3.635E+13 0.0573
Pu-240 2.01E+02 6.17 1.00 1.0772E13 6.667E+13 0.09Ci
Pu-241 6.66E200 4.90 2 E2-05 4.B87E+06 2.444E407 0.0000
Pui242 1.34E+00 4.90 1.00 4.858E+10 2.29E+11 0.0004

-241 226E+03 6AS 0.87 7276E+13 3.94E414 0.6470
-243 1.6E+1 6.30 - 1.00 6l82E+11 3.647E212 0Q0059

Tota: 1.135E+14 6.173E+14 1.W00
_Mean Source Alpha Energy: (M m 6.44"

Maximum Range for AV= 1.375E203

Range (c7L 1.376E-03
Non-escsPe R: 0A831
Escape Fractiom 0.0028340 Mf8pce orn of dthe nwe which MIGHT Esa__

Mean Energy 6.44 . _ _ _ _

Dettax (cn) 6.76E5-05
Numberdf Steps: 20 (EBARValues)
PATH (ern) 1.341E0 0.0010749 19.6 6.631E-04 1.136116 9.6 Lars

1272E-03 0.0122760 185 W rs 5.844E-04 1.W840900 8.61 ayers
1203E-03 0.0431824 17.6 Laers 6.156E-04 1.659142 7.6 L rayers
1.134E203 0.0974661 1&5 La 4ye 48E-04 1.9707031 6.6 _____

1.06BE-03 0.175053 16.6 Layers 3.781E204 2 M3082012 5.6 Lay ___

0.9E92-04 0.2766837 14. Laye 3.094E-04 2.6877867 4.6
9.281-E04 0.3995579 13.6 Laye 2.406.04 3.1376233 &6 Layes
8.694E204 0.648995 12.6 Layer 1.719E04 3.6890958 2.6 Laye

_7.902E-04 0.7205832 11.6 Layer 1.031E-04 4.2078253 1.6 Laye
7219E.04 0.9143117 10.6 Layers 3.43-7E20 4.9738151 0.6 La

1.61 Average M for E gcaPln Aiphas
1.1352+14 Source Pafeic n
3216E+11 Partldeslsec POTENIUALLYEsca ng
4.862E+11 MeVIsecond Eszapt I

_ 4.8822+15 Moleculehtsecond Formed
02.545 MoleslYearPerAsbI I

,__________ __________ 0.0160 Kilograms Year perAsbl



BBA3D-00 017170200.00039 RV 00r Pare m-s of 14

Worksheet for Alpha Particle Transport Calculation
Two Hundred and FitfYears Cool Time

rtNr:U02 Denslty IOA ______ 0_4845

B&W1W6x5, 4.20&WoU-235 __ _C_ m. _ _ __)__

48,000 MWDJMT _ Madmum
Source Enery ub Source Power Fraction
(CI/Asbi) (MeV) Fraton nd)- PMeIS) of Toial P -

U-234 1.26E+0 4.77 1. 4. E10 2_224 c1 1 0.0004 _

U-235 A8.1TE-03 4.68 0.83 Z609E+08 1.49E+09 0.0000
U- 2.38 1.44E-01 420 1.00 6.328E+09 2238E+10 0.0000

Np-237 4.50E.01 4.78 0.67 1.449E+10 6.924E+10 0.0001
Pu-238 4.07E+02 8.60 1.00 1.506E+13 8;282E13 0.1514
Pu-239 1.87E+02 6.16 0.99 6.850E+12 3.t3SE+13 0.0646
Pu-240 2.90E+02 6.1S 1.00 1.073E513 6.647E+13 0.1014
Pu-241 . 7.8E-01 4.90 2.SOE.05 6.706E405 3.=28E+06 0.0000
Pu-242 1.34E+00 4.90 1.00 4.985E10 2.429E+11 0.0004

41 2.09E+03 6.49 0.87 6.728E+13 3.694E+U 0.6750
W43 1.5E+01 6.30 1.00 6.845E+11 3.625E+12 0.0066

TOta: 1.007E+14 5.472E+14 1.0000
Mean source hEner. 5e3 5 _

_ _d_ Iurn a A phas: 1.372E-03
Pellet Radius: 04846 I
Range (n): 1.372E-03 I
Non-escape R 0.4831 1 _

Eseape Fracton: U0028278 (Huff-Space. Porton of the source whlch IGHT Esc__

Mean Energy_ .43

DeltaX (cm) 6.860E-.X
nwnber of Steps'. 20(EBAR Values) -

PATH (cm) 1.338E603 0.0011218 19.6 ft 6.617E-04 1.1351360 9.5 Laes :_
1269 E 0.0123589 18.6 ra 6.831E.04 1.3828355 8&.L
1200E603 0.0433718 17.6 Lsyerc 6.1456.4 1 9 76 Layer
1.132E-03 0.0976615 18.6 Layes 4.459E-04 1.0686808 6.5 La
1.063E03 0.1766927 1.6 Layes 773E.04 2.3057246 6.6 i's

.________ 0.947E-04 02767821 14.6 Las 087E-04 2648535 4.6 La
___________ 9261E604 0.3995539 13.5 Ler 2.401E-04 3.1339321 3.6 Layers

85756E.04 0.648599 12.6 Lrer 1.715E04 3.5848368 2.5Li
7.W8E.04 W201709 11.6 'srs 1.029E604 4.2025937 1.6 ers
7203E604 Q.136627 10.6 Layes 3.4306E05 4.9673407 0.6 U er's

1.61 Average MeY for Egcap.MApm
1.007E044 Source co__

________ 2.84BE+11 Parficlessec POTENTIALLY
4.302E611 MeVisecond Es____
4.302E.15 Molecuestecond Fonned I

0.2252 Mdes IYear puAsblI I
________ ________ 0.0142 KlogramsYetrVPerAsbI
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-~~ ~ -;l c ulOWhetfo Apa Prce iaortClulto

Mate 02 DenS 1A Radius: 0.4845 -

B&WIl5x1 42WCoU-235 __ _cm_)

4000 MWmTU Maxmumn
._________ Source EeAbundance Source Power Fraction

(CVAsW b () Fraction (second) (MeVJs) of Total P
U-134 1.31E+00 4.77 1.00 4.847E+10 2.312E+11 0.O005
1-235 68.16E.03 4.t8 0.83 2.512E408 1.151E409 0.0000
1-238 1A4E-01 4.20 1.00 6.328E+09 2.238E510 0.0000

Np27 4 s42E-01 4.78 0.87 1.S524101 7A16E+10 0.0002
Pu-238 2.75E+C2 6.50 1.00 1.0185E13 .56E+1 0.1139
Paa-239 1.86E+02 5.18 0.99 6.813E+12 3.616E813 0.0715
Pa-240 2.8E8+02 6.17 1.00 1.066E513 6.509E+13 0.1 121
Pu-241 3.33E5-0 4.90 2.3fE-S 2.634E+05 1.389E506 O.0000
PUF242 1.34E+00 4.90 1.00 4.958E+10 2.429E+11 0.0005

-241 1.93E+03 AO9 0.87 6213E+13 3.411E+14 0.6940
-~n;243 1.4E+C01 5.30 1.0 6.B08E+t1 3.608E+12 0.0073

_ _ _ Toal: 9.057E+13 4.915E+14 1.0000 D
_MeanSourceAlpha _n_ 5e. V43 t.4

_ahn Rne frt 1.370E03 -

Pellet Radius: 0.4845
Range (cm: 1.370E503
lNori~escapsRk 0.4A31
Escape Fraction: 0.0028237 ,K ff4Spae Portion of the Source which MIUGT Eam)

Mesn Enerar 6.43

DelteX (cm) 6.6S5E-05
Number oe Steps: 20 (EBAR VAiLs)
PATlt (cm) 1.336E03 0.0010915 1a6 6.50704 1.1413 Is _ _

1267E503 0.0122677 18.6 lyr 6.822 I4 1 02924 SLa er
1.199E-03 0.0430918 17. Lyers 6137i 04 1.654576 7.6 Layers
11.130E-03 0.0971924 1&ALers 4.4525-04 1.9654109 B i
1.062E-03 0.1750097 15.6 Iaers .767E504 2.3021136 5.6 Layen _ _

9.932E-04 02768647 14 ers 3.082E504 2.6807524 4je yemr
9247E-04 0.3983887 13.6 Layers 2.397E.04 3.1294773 3.5 Layer
6M62E-04 05473743 12. Layer 1.712E504 3.5799661 2.City

7.877E-04 0.7185112 11.6 Layers 1.027504 4.1971778 1.6 tayen
7.192E.04 0.9117396 tD.6 ayej r 3.425E-05 4.96113110. Layer

1.51 Average MeV for Escap N ptas =pt_
__ .0575.13 iource Particlessecond l

______ __2.657E+11 Partidesaec POTENTLALLY Escan
3.857E511 MeVlsecond Escaping I
3.857 15 JMoleculeuluecond Forned

U.lu1~m0olsvirearversomf I
9 -

. A -i
Mr#%

i - ' I - �cr riu�x __
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Worksheet for Alpha Particle Transport Calculation
Four Hundred Years Cool Time

ejT Densrtr IDA Radius I OA845A
B&W15x15, 420wdoU-235 ___________

48.00D MWDIMO Maxdmum
. Source Enr Abundance Source Pvowr Framcion

(CV~sbl (MeV) Fracton (ahed) (MeYWs) of Total P
1.36E+00 4.77 1.00 032E10 2u4OOE+11 0.0006
820E203 4.68 0.83 2.518E206 1.53E+09 0.0000

LJ-238 1.441-01 42D IO0 6.328E+09 2238E+10 0.0001
NpD-237 IAOE.60 1 4.78 0.87 1.738E+10 8.309E+10 0.0002
Pu-238 1.26E+02 --6.60 1.00 4.662212 2.664E+13 0.0626
Pu-239 1.86E+02 6.16 0.99 6.813E1 2, 316413 0.0859
Pu-240 2.85E202 6.17 1.00 1.055E+13 6.452E213 0.1332
Pu-241 2.S7E01 4.90 2.30E.05 2.442E205 1.197E+086 00000

u-242 1.34E+00 4.90 1.00 4.958E+10 2A29E+11 0.0006
41 1.64E203 A.49 0.67 6.279E213 2.8E+14 0.7081

Am243 1.83E+01 6.30 1.00 6.7711E11 3.689E+12 0.0088
Totl: 7.8612.13 4.093E+14 1.0000

Mean Sourc Alha t 5.41 E____ _V)

-'M-RanU-.lor~ph: 1.365E-03
Pellet Radius. 0.4845
Range (cn): 1.65E03

N o R ~~~0.4831
Escape Fraction: 0.0028134 Haf-Space, Port on of e Source which MIGHT EscaweL

Delta Jan) 6.8Z5E-0
Numberof Steps: 20 (EBAR alues)
PATH (cm) 1.331E.03 0.0011296 19.6 Laer 6.4842-y04 1.1303006 9.5 Layer

1263E.03 0.0123164 186Ly 6.801-04 1.3770882 8.6 Lar
1.194E. _ 0.0431425 17.6 I .119E-04 1.6466110 7.5 Laes
1.126E3 0.0971293 .6 lays 4.436E.04 1.9607428 6.6 W "
1. I8E. Q1747641 156 ri 3.764E204 2.97028 5.6 La
9.896E.04 0.27538 14.5 la 3.071E-04 2.6743446 4.6 1er
0.2142.04 0.3978272 1a2 6 L 2.89E.04 &1220148 e.6 en
6.6312.04 0.D5481810 12.6 Layer 1.706E.04 3.57153756 2.
7.8492-04 0.7169249 11.6 Layer 1.024E43 4.1871907 1.5
_.166E_ 0.9096892 10.5 Layes 3.412E;05 4.0493408 0.6

________ ______ ~~~~1.50 ea MeV for E~N4Al a
7.661E+13 Source Patclestseon
2.127E+11 Parlcles/sec POTENTIALLY ping

32E+11 MeVhucondEscaing I I
3.200E+15 Moeculealuc * Formed ___

_________ ________ 0.1676 Mdes/YearpeAsbl I_|
_________ _ 0.0106K H a /Yearper sW
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Worksheet for Alpha Particle Transport Calculation
Fhie Hundrad Years Cool Time

Matl: UO2 DensVt __I1 Radius: 0.4845
B&Wl5x16, 422OidoU-235 _ (ram/ce) I___
48,000 MWVDJTU Maxnmm I

source Ener Abundance Source Power Fraction
(Ci~l~sl V( ) Fraction (sk (Meis) of Total P

U-234 .8E.0 447 . 1.00 6.106+10 2.4362411 0.00071
U-235 L22E.03 4.68 0.83 2.624E408 1.156E2+9 0.000
U-238 1.44E-01 4.20 1.00 6.328E+Dg9 2.238E+10 0.0001
Np-237 C6E.8901 4.78 0.87 1.896E+10 9.063E+10 0.0003
Pu-238 6.74E+01 6.60 1.00 2.124E+12 1.1688E13 0.0332
Pu-239 1.65E402 6.16 0.09 6.mE+12 3.497E413 0.0993
Pu-240 2.82E202 6.17 1.00 1.043E+13 6.394E+13 0.1532
Pu-241 2.64E-01 4.90 2.30E-05 2.417E05 1.184E+06 0.0000
Pu-242 1.34E+00 4.90 1.00 4.958E+10 2.429E+11 0.0007
An-241 1.40E+03 6.49 0.87 4.607E213 2.474E+14 .7027
Am-243 1.81E+01 5.30 1.00 6.697E211 3.649E412 00101

_ Total: 6.620E*13 3.622E414 1.0000
__ - Mean Source Alpha Enew ( ew 6.40

.________ Maximurn Range for lpha: 1.361E-03
Pllet Radius: 0.4845
Range (cm)L 1.361E203
Non-escape R. 0.4831
Escape Fraction: 0.0028051 Haff-Spac Pori on f the Source which M IGHT Escape))_

Mean Energy 6.40 _ _ _

DetabX (cm) 6.85E.05
Number of Steps: 20 EBAR Values)
PATH (an) 1.3272.0 0.0011092 19.6 Layen 6.465204 1.129112 9.6

1.25SE-03 0.0122196 18.5 Layen 6.784E'04 1.3731158 8
1.191E.03 0.0428479 17. L rs 6.104E.04 1.6420854 7.6 WLeY
1.123E.03 0.0965840 16 4A423E.04 1.9555171 6.6
1.055E.03 .0.1739163 156 3.74304 2I2307807 5.6 Layers
9.887E.04 0.2741936 14.6 Layes 3.2-04 L6677115 4.6Layer
9.187E204 0.3960563 1&5 Layer 2.382E.04 31143868 3.6 LaerS
_ .606E204 0.6442142 12. Layer 1.701E-04 3.6631067 26
7.826E-04 07145135 11.6 Layer 1.021E-04 4.1776958 1.6 Layers
7.1452E04 Q9068158 10.5 Layers 3.4022E05 4.9382223 0. _LEXM

- - ~~~~~~~~~~ - --

1.50 Average MeV for Escaping Alphas
_6.20E213 Source Paetios seco___
1.829.E11 Phtcleslsec POTENUALLYEsm gng
2.744E+11 Me~tsecond Escap 1ing
2.744E+15 Moleculeafecond Formed

.___ _ _0.1437 ModeslYear perAsb I

,________ -_________ 0.0091 Kilograms IYear per Asb-
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Worksheet for Alpha Particle Transport Calculation
Six Hundred Years Cool Time

UVErh: U02 1 Densb- 1 10.4 Radius: 1S0.4845
B&W15x15. 4.2D6WoU-235 _____ (cm)
48.000 MWD/MTU Mazxmum

____ Source Energy Abundance Source Poawer Fraction
(CUAsbi) eV) Fraction (ascond (MeVh) of Total P

U1-234 IAOE+00 4.1'? 11.00 6.180E410 2.471E+11 I.08___
11-235 8.24,-03 4.68 0.83 2.6312408 1.159E+09 O.OO0D
1-28 11.445-01 4.20 1.00 6.328E+09 2.238E+10 0.0001

Np-237 6.31E-01 4.78 0.87 2.031E+10 9.709E+1- 0.0003
Pu-238 2.64E+01 6.60 1.00 9.768E+11 6.372E+12 0.0174
Pu239 1.65E+02 6.18 0.99 6.77E212 3A 97+13 0.1135
Pu-240 2.7E+402 6.17 1.0 1.0322.15 6.337E+13 0.1732
Pu-241 2.62E-01 4.90 2.30E-05 2.400E2051 1.176E+06 O.O0O
Pu-242 1.34E+00 4.90 1.00 4.958E+10 2.429E+11 0.0008
Am-241 1.1E4+03 6A9 0.87 3.831E+13 2.103E+14 0.6825
Am-243 1.79E+01 6.30 1.00W 6623E+11 3.610E+12 0.0114

Tctat 6.717E+13 3.081E+14 1.000_
Mean Source AkpuaEnercv. (MV 63 5s

Maximum Range forAphas. 1.3570
Pelet Radlus: 0.4845 .
Range (an): 1.357E.031
Nro-escape R 0.4831
Escape Fraction: 0.0027969 (Half-Space. Poron Of Source which MIGHT Esca Le .

Mean Energy, 6.39 .

DeataX (cm) 6.785E205
Yumber of Steps: 20 (EBAR Values)
PATH (cm) 1.323E203 0.0010861 19.6 Lyers 6.44 4 1.1234427 9.6 Layers

1.255E.03 0.0121166 18.6 LY 6L7872e04 1.3690639 8.6 Layes
1.187E203 0.0425377 17.6 LyIr 089244 1 374776 7.6 L _ye _

1.120E.03 0.0960111 16.6 Ls 4.A1FE04 1.9502051 6.6 Lsyen
1.052E.03 0.1730382 15.6 Layers .7322.04 2.28405L6
0.838E-04 O.M9502 14.6 Lyers .053E404 2.6609878 4.6 Layer
9.1680E04 O.9M4430 13.6 L 2yers .376-04 3&1066637 3.6 Layer
6.481E204 06421915 12.6 Lyer 1.696E-04 &6545747 26
7.803E204 0.7120328 11.6 Lesrs 1.018E-04 4.1670337 1.6 Leen
7.124E-04 0.9038755 10.61 ank 3.392E205 4.89996 0.61 ___n

_1.0 Average MaV for Ebcap A phas
_767E+13 Source Particles/secon_ _

1.6992+11 P~aicestsec POTENTIA±LLYEspmn
2.393E+11 MeVlsecond Escaping I

________ ._____ ________ 2.3932+15 Moleculeslecond Formed

-t25 Md_9ales IYear per Asbi -

Q007 rom Mkwo~ awprS
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Worsheet for Alpha Partle Transport Calculation
Seven Hundred Years Cool lime

B&WI5xI, 42OMoU-235 1 agc=) (
48000 MWD/MT 'Iaxhknwi __ __ __ _ _

.__________ Source Abundance Source Power Fracton
(CUAsb) .(Me Fracton (a1econd) (els) of Total P

_.34 l.40E+00 4.77 1.oo 6.10b10 2.471E411 0.0009
1U-235 86204.8 0.63 2.637E408 1.162E2.09 0.0000
U-238 1A4E-W 420 1.00 6.328E+09 2i238E410 0.0001
N -237 . 6.67E-01 4.78 0.87 2.47E410 1.026E211 0.0004
Pu-238 1212E01 C.60 1.00 4.477E+11 2A62E412 0.0090
Pu-239 1.X4E+02 6.16 0.99 6.740E+12 3.478E+13 0.1276
Pu-240 2.76E+02 6.17 1.00 1.021E4+13 6280E+13 0.1937
Pu-241 280E-0 4.90 2.30E.05 2.383E+.05 1.168E+406 QOO0
Pu-242 1.34E-00 4.90 1.00 4.058E410 2.429E+11 0.0009

41 1.011403 6.49 0.57 3.2512013 1.785E+14 0.654
AnS243 1.78E+01 6.30 1.00 6.6E411 3.491E+12 0.0128

Tota: 6.0702013 2.726E+14 1.000K
Mean Source Enen5. 5.38

_______ aMadmum Range fo s: r1.353E03-
Pellet Radius: 0.4845 __

Nnescape kA80431
Escape Fraction 00027887 Ha-Space, PortEn of the Source W*%ch MIGHT Escae )

Mean Energy. 6.38
DeltaX (oi) 6.765E-05
Nnnber of Steps: 20 tEBAR Values)
PATH (cm) 1.31SE-03 00010629 19.5 Lyes 6.4272-04 1.1199867 9.6 Lsye

1.252-03 0.0120180 16 Laye 6.7602E04 1.3650211 6.6 L __e _

1.184E-03 0.0422302 17.6 L 6.0742-04 1.6328745 .6 ______

1.116E-03 0.0954430 16.6 Lsyon 4.397 -4D 1.44903 6.6 Loye
1.04BE-03 01721603 156 L iyei 3.721E204 2.2786634 5.6 _____

SM8OE-04 0.2717176 14.6 3.044E-04 26542718 4.6 Layen
9.133E-04 0328133 13.&5 2.368E-04 &09894743.6 3 sy_5_

A.456E-04 0.6401765 126 L 1.691E-04 a6460469 2.6 ea ___

7.780E-04 0.703595 11.6 Laeys 1.015D-04 4.1582135 1.6
7T.10320?4 .9009434 10.6 1yenr 3.382E05 4.9167791 0.6 Lyer

. ________ -_____ ________ IAI4E. rticiessee 1AE AverNTe MA Vfor Essac
6 WO7E+13 Source ParUdetod*
lA14E+11 Parliclessec POTiENTLALLY Eizscai
2.11E-+11 Me~ftecondgEzaing I

2LllOE+15 MoleculeDsiseo nd Fanned
0.110 Moles/Yeawwtfsbl I

_ , ~~~~~~~~0.0071 Kaiogrms /Year per Am~
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Worksheet for Alpha Particle Transport Calculation
Ekaht. Hundred Years Cool Tne

Denw. ~ IDA Radius: 0.4845____ ___

B&Wl5xl5, 4.2OwU-235 (CM)___ ___

.000 MWDIMTU Maximun:
,__________ Source EnerYundance Source PoAver Fracton

(CUAsbQ) (Ue Fraction (ahsecnd) (MeV~s of Tatal P
U5-234 1.40E*00 4.77 1.00 i .80E.10 2A71E411 0.0010
13-235 827EW03 4.58 0.83 2.640E+08 1.18 I+09 0.0000
1-238 IA4E.01 4.20 1.00 6.328E+09 2.238E+10 0.0001

t>237 6.97E-01 4.78 0.87 2.244E+10 1.072E+11 0.0004
Pu-238 6.62E+0W 5.60 1.00 2079E211 1.144E+12 0.0047
Pu-239 1.84E+Q02 .16 0.99 6.740E212 3.478E213 0.1420
Pu-240 2.73E+02 6.17 1.00 1.01015+13 62222E13 0.2132
Pu-241 2.77E-01 4.00 2.30E-05 2.357E+05 1.165E506 0.0000
Pu242 1.34E+00 4.00 1.00 4.058E+10 2.4292411 0.0010

Wr^241 6.64E+02 GA9 0.86 2.781E+13 1.527TE44 0.6235
4m243 1.76E+01 6.30 1.00 6.612E+11 3.451E+12 0.0141

TOMa: 4.664E+13 2.449E214 1.0000
Mean source J~ aEnw 15p SY .37

7 Ikuffinz F~~~Ma~m ance forJlphas: 1.34DE-03
ebet Radiur. 0.4845 _ . I I

Range (cm): 1.34SE903
Non-0scape R. OA832

Fracton 0.0027804 (Half-Space, Portion of the Soumne vch M4IGHTr E2ZE _ _

Mean E~neW. 5.S7

DeftaX (cm) 6.745E05_
r oSteps: 20 (EBAR Values)

PAlH (m) 1.315E-03 0.0010490 19.5 Layers 6.408E504 1.1167613 9.6 Laye s
1.248E;03 0.0119396 186 Layens 6.733E.04 1.3612335 8.5 Layers
1.180E203 0.0419841 17.6 Layer 6.059E.04 1.6285323 7.6 ______

_1.113E03 0.0949679 16.6 Layer 4.38420 1.0398657 6.6 Layes
1.045E03 0.1714007 15.6 Layem 37102E04 2.2729173 5.6 Layers
9.780E.04 0.270B354 14.6 Laye 035s4 2.6478238 .6 Lye
9.106E504 0.3913705 13.6 Lqyox 2.381E.04 3.0915242 3.6 Layers
8A31E.04 0.6383424 12.5 Layer 16E-04 3C378181 .5 Layers
7.757E.04 0.7072949 11.6 Lyra 1.0122.04 4.1488055 1.5 L _er_

7.082E.04 0.89827 10.6 Layers 3.3722.05 4.48550 0

________ _ _ :__ 1.88 1A9 Avege McV for Encap in Alphas
4.664E-413 Source Pailse=
I.269E-*11 Par~destsec POTENn JY Escs ii

_ < 0 ~1.B89E&11 Me~isecond Esmplna I
1.B89E-05 moeculestsecond Fosmiet

0 .O998 Mdes /YearperAsbi I
O.t006211ologramis IYear per ASbl
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Worksheet for Alpha Particle Transport Calculation
Nine Hundred Years Cool Time

Medaaervl: U02 1.De.. 10A Radius: _ 0.4845
BLW16xtS 4201DoU- (granc) (CM (a) I

48.000 MWDITU Maxdmum . _ I _ I _

_________ ISource EneV Abundance Source Power Fracton
CUAsbi) (HeV) Fraction - (aseoond) (MeV/s) ayo-wlP

L-234 1 1.40E+MO 4.77 1.00 6.180E410 2.471E+11 0.O01
V-235 - 829E-03 4.658 0.63 2.646E+08 1.166E+09 0.0000

U-238 1.A4E-01 4.20 1.00 6.328E+09 2238E+10 0.0001
Np 723 2.01 4.78 0.87 2.327E.10 1.112E+11 0.0005
Pu-238 2.61E+00 6.60 1.00 9.657E'10 6.311E+11 0.0024
Pu239 :1.83E+02 6.16 0.99 6.703E+12 .4592E+13 0.1565
Pu-240 2.71E202 6.17 1.00 1.003E213 6.184E213 0234
Pu-241 2.76E-01 4.90 2.30E205 2.340E+05 1.147E208 0.0000
Pu-242 1.34E+00 4.90 1.00 4.958E+10 2.429E+11 0.0011
An4-241 7.386E02 649 0.87 2.389E+13 1.301E+14 0.6884

1.74E+01 6.30 1.00 6.438E+11 3A12E412 0.0154
_ Toial: 4.129E+13 2211E.14 1.0000

_________ ______ Mean Source Alpha Enemrg. (MeV , 6.35 ______

Maximwn Range for Ahas: 1.344E.03
Plletaiu 0.A4845 I I
RaJe (inLm 1.344E303
Non-escape Ft: 0OA832

spe Fraction 0.0027701 (Half-Space, PorUon of the Source whYch LuMGHrT Esae))

Ulean Enerqr: L35

DeltaX: (an) 6.720-05 _
Numberof Steps: 20 (EBAR Values)_
PATH (cm) 13IOET03 .Q0011108 19.s rs 6.384EW04 1.11470379.6 La

1.243E-03 0.0120503 18.6 1yersa 6.712E.04 1.3586762 _
1.176E203 0.0421921 17.6 i 6.0402.04 1.6253432 7.C Li6
1.109E.03 .0951345 18T 4.368E204 1.9358721 6.6 ra
_______ 1.042E-031 0.1714837 15.6 rz 3.698E204 22882383 6.6 La3it
9.744E-04 0.2705412 14.6 3.024E-04 2.6420826 4.6 _____

_.072204 .910581 13.6 L .352E2041 &0847958 3.5 Lwro __

6.400i-04 0.6376221 12. er 1.8E044 3.6301215 2.6 l ___

_ 7.728E-04 0.7062308 11.6 Lwe 1.0082E04 4.1395048 1.6 La"
7.05E-04 0.8967452 10.5 3.360E05 4 838 6 1ers

1.49 Aveae MeY for Escping Alphas
4.129E+13 Source Pantsidecoldl
1.1442.11 Purtdestsec POTENTIALLY

1.7E+11 I efeo=Ecpn
1.700E+19 Mdeculesiscond Fre

0.0890 MR81esleaprw b I I
-___________ ___________ 0.0056 KigramsIYearprAsbI
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Worksheet for Alpha Particle Transport Calculation
One.Thousand Years Cool Time

0=1: U02-1 Denw 10.4 Raius: 0.485
B&WlSxl5 42WoU-235 _ rurntcc _ _

8,000MWDM Mazdmum
source ene..y Abundance 9oure Power Fraction
(C!U~sbl) MeW Fraction (aftecond) (MeVis) d Tdal P

1J234 -ADEE4O 4.7 1.00 6.180E410 2.471 III 0.0012

LJ-235 8.31E.03 4.58 0.63 2.65258 1.169E+09 O.OO0

U-238 1.44E501 420 1.o0 6.32E09 2.238E10 0.0001

RFU 17.45E-01 4.78 0.87 2.39854-10 11.146E411 0.0006 ___

Pu-= 123E+00 650 1.00 4.651E510 2.603E+11 0.0012
Pu.239 1.83E502 6.16 0. 6.703E+12 3.459E413 0.1721

Pq-240 26E+02 6.17 1.00 0.918E512 6.127E513 02551

Pu-241 2.735-01 4.90 2.30E-05 323E05 1.138E06 0.0000

Pu-242 1.34E400 4.90 1.00 4.958WE10 2.429E+11 0.0012

-m241 6.27E02 6.49 0.87 2.018EU13 1i.108E14 0.6515

kii443 1.73E+01 6.30 1.00 6.4015.11 3.393E+12 0.0169
_ Total 3.762E+13 2.009E+14 _1.000

Uean Source Alphla Eneira(r. V 53

___ __ __Maium Range for__S. 1.340E03

Mellet Radius: 0.54845
Ranlge(cm): 1 t.4DE-f03
Norrescape Ft: 0eA832.
Escape Fmactn: 0.0027619 (Half-Space, Porton of-te Source vcch MirGHT Esca=e L

Uean Energr. 6.34 _ .

: (an) ~6.700EOS5

PATH (an) 1.306E03 0.0010770 19.6 rs 6.385E-04 1.1109554 9.6 m

1239E-03 0.0119207 18.6 Laersa 695E041 1.353131 8.5 r

1.172E.03 0.0418127 17.6 L ra 6.0 I4 1.6204081 7.6 i ____

1.10OE-03 0.0944617 1.6 lera 4.355 J0 1.90 13 6.6

1.038E-03 0.1704426 156 layers 3685-1 2.2618240 5.6
9.7152-04 0.2691293 14.6 3.015E-04 2.6350140 4.6
9.045E-04 0.3892236 13.6 2.3455-04 3.0766885 3.6

8752E04 0353770 12.6 Law 1.676E504 36211930 2
7.705E504 0.7035050 11.5 Layers 1.005E.04 4.1294262 1.6

7.035E5k U8935287 10C6 Layers 3.350E505 4.8821549 0.6

_1.48 Avege MeV for E sW Alhs

&762E+13 Source Patesheoo_ _

_________ 1.039E+11 Part esfaac POTENTIALLY Esc Ing

._______ ._____ ___ _ 1.639E+11 MeVlsecond Esc_ E TI
.______ ____ _____ 1.6395E+1 MoId d Formed

UmbuOWMoIesI TOW Der PAN~ I
I * I- -,

Muerm
a rcw� per i�soi a
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Time (Years) MolestYear
6 0.32901

100 0.34412
160 029356
200 025455
250 .0.22520
300 0.20190
400 0.16755
500 0.14367
600 0.12528
700 0.11048
S00 0.09891
900 0.08898

1000 0.08059
PerAsbl

TOtd (100-1000Y) 139.93

kglYear
0.02073
0.02168
0.01849
0.01604
0.01i19
0.01212
0.01056
0.00905
0.00789
0.00696
0.00623
p.00561
0.00508
PerAsbl

.8153

ores1OODY kPr20bY
'e21 Asbl Per 21 Asbi
2938.45 185.12
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Attachment IV: EXCEL Spreadsheets for £5,000 MwdIMTU

Worksheet for Alpha Particle Transport Calculation
Five Years Cool1Tme

-aeil iJ02- Densy. IDA Radius: 0.4845
B&Wl5xls. 6.05WtoU-235 _______ _

55s,000MWDM MwadnmU
Source Ene undance Source Power Fraction
(CUAsbl) (MeV) Fracion (skecond) (Mewis) o Total P

U-234 4.90E-01 4.77 1. 1.813E+10 6.648Es1 0.0001
U-235 1.02E502 4.68 0.83 1 132E108 1.435E209 0.0000t
UL-238 1.46E-01 4.20 1.00 6A02E+09 2.2695E10 0.0000CC

Np-37 3.28E-01 4.78 0.87 1.056E+10 6.047E+10 0.0000C
Pu-238 3.76E+03 6.60 1.00 1.3885E+14 7.631E414 0.7619
Pu-239 2.08E+02 6.16 0.99 7.619i+12 3.931E+13 0.0387

PUh240 &13E+02 6.17 1.00 1.158E413 6.987E+13 0.090
Pu-241 7.72E+04 4.90 2.305-05 6.670E+10 3.219E+11 0.0003
Pu-242 1.46E+00 4.90 1.00 6.402E210 2.647E+11 0.0003

-241 8.35E+02 6R9 0.87 2.688E+13 1.476E+14 .1454
.n-243 2.21 E+01 6.30 1.00 6.177E211 4.334E+12 0.0043

.__________ ________I Total: 1.858E+14 1.01tE+16 1.0000
Mean Source Alpha Enerw. .4 _ _ 6.46

Met. 1A383dmum Range forApha E03

iarsesairn 1.383E503
Yonesca~e 0.4831
Escape Fraction: 0.0028504 HaOf-SpacePo ion of the Source which MIGHT Esc ))

Uean Eergy, 6.46 = _

DetaX (cm) 6.9150
Number of Steps: 20 (EBAR Values)
PATH (an) 1.348E-03 0.0010887 19.6 l Iiers 6.689E.04 1.1421425 9.6 _____

1279E503 0.0123898 18.6 Layers 6.8785-04 1.3911833 8.6 ______

1210E.03 0.0435766 17.6 Layers 6.1885 04 1.6630903 7.5 Laye
1.141E-03 0.092719 16.6 Layers 4A95E-04 1.9802446 6.6 Laye __

1.072E2.3 0.178454 15.5 Lyers 3.803E504 2.3191185 5.6 Layers
1.0W3-03 02785931 14.C Luyrse 3.112E-04 Z7C001249 4.6 era
0 9.335E.04 0.4021350 13.6 Layes 2A20E-04 31518462 3.6 Layers
8.644E504 06523191 12.6 Layer 1.729E.04 3.604901722. La _ _

7.952E504 0.7247310 11.5 Layers 1.037E-04 4.2260018 1.5 Layers
7.261E504 0.9193184 10.6 Layers 3A457E05 4.99478420.5 Laye

1.62 Avrage fV for Escaping Alphas
1.858E214 Source Par hetse_ __

h296E+211 Peiceshec POTENTUALLYtsal
8.045E+51 MeV/second FErng I
8.045E215 Mtoeculeskeooond Forned _

0.4212 Moles IYear perAsbt I
_ 0.02G5 Kioras /Year per Asbi
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Worksheet for Alpha Particle Transport Calculation
One Hundred Yesrs Cool Time

me U0 I-A Ha -0.4845_
8&W15 5.OwoU-5 1 r ___(_

55.000 MWDJMTU Maximum
_Source Enery Abundance Source Power Fraction
(CUAsbl) lIeV) Frcion alsecond) (MeVIS of Tote P -

LJ-234 120E200 431 1. 4 10 2.118E+11 0.0002
LU-235 1.02E02 4. 0.83 3.132E08 1 .435E+09 0.0000
U-238 *1A46E-01 420 1.00 6.402E+409 2.269E+10 0.0000
Np-237 4.105E01 4.78 O.87 1.320E+10 6.3092410 0.0001
Pu-238 1.772 I3 660 1.00 6.649E+13 3.02E+14 0.3645
Pu-239 2.07E+I 61A6 0.99 7#22E+12 3.913E+13 0.0396
Pu-240 3.18E402 6.17 1.00 1.1772+13 6.083E+13 0.0618
Pu-241 7.84E+02 4.90 2.30E205 6.672E408 326E+09 0.0000
Pui242 14800E+0 4.00 1.00 5.402E+10 2.647E+11 0.0003

-241 2.96E203 6.49 0.8 .628E+13 6.2312E14 0.6294
A~n-243 2.18E+01 6.0 1.00 6.103E+11 4295E+12 0.0043

_ Tot 1.810E+14 9.812E+14 1.0000
Mean SouxneAlpha EneqwC M SAl) 56
_____ _ Range for Aphas: 1.381E.03

Pellet Radius: 0.4845
Range (cm): 1.381E033

Nonce ~R:s 0.4831
Escape Fraction: 0.002483 (Half-Space, Porn of the Source uwich MIGHT EscaoeIL _

Mean Enerf. - 6.4_ 6 T I I _=

DeltaX (cm) 6.00E505
Number of Steps: 20 (EBAR Values)
AlH (CM) 1.3482.03 Q0011087 19.5 18ral 6.004 1.1412614 9.6 Layers

12M 03 0.0124276 18.6 Lf 6.869E.04 1.M90097LS .5 rs
1.28E-03 0.0436412 17.5 Leyeri 6.1792E04 .6817641 7.6 Ljeys
1.1392E03 Q0983137 18.6 ltr 4.4882E04 1.S785876 L6.jS s
1.070W-03 0.1768383 15 Layes B798E.04 2.3171820 56 Layer
1.001E-03 0.2785137 14.6 raye 3 &107E.04 2977741 4.6 Lyes
0.E222-04 0.401913 1&6 Layers 4172.04 3.1490976 3.6 Layers
6.631E204 0.6519825 12.6 1.728E.04 3.6017774 2.6 Ler
7.641E204 0.7242532 11.6 Laye 1.036E.04 4.2222389 1.6 Layers
7.250E-04 0.9188694 10.6 38r 3.452E.05 4.9903137 0.6 Layer _

1.62 Aversge MeV for Escap Atphas
1.810E514 Source Partlclesfseco )
6.153E+11 Partides/sec POTENTIALLYsca
7.822E+11 MeV/second EscapngI
7.8224+15 Moleclsecond Fonned

_ __ _ 0.4095 Moles I Year l bl I
0.0258 Kiograms rYear perAsbi
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Worksheet for Alpha Particle Transport Calculation
One Hundred and Fl Years Cool Time

MaeratU07 emtr 1. Radius: 0.4845 -

B&Wl5x15. 6.O5wWoU235 _ (gremlc) (CM)
55.000 MWDMTU Mxium

.__________ Source Energ Abundance Souce Power Fracton
(ItAabl) eY) Faction (afsecond) (MeVs) dT otlP P
_ADE400 4.T7 1.00 6.180E+10 2A71E+11 0.0003

11-235 1.02E-02 4.68 0.83 3.132E408 1.435E+09 Q0.00
U-238 U1.46E-01 4.20 1.00 6.402E+09 2.269E+10 0.0000
ND7 4.66E-01 4.78 0.87 1.468E+10 7.016E+10 00001

120213 6.50 1.00 4.440E+13 L442E+14 0.2920
PU-239 .2.07E+02 L16 0.991 7.682E+12 3.913E+13 0.048
Pu-240 3.16EI02 6.17 1.00 1.169E+13 6.045E+13 0.0723
Pu-241 7.04E+01 4.90 .30E-05 68.991E+07 2.936E+08 0000
Pu-242 1A6E+200 4.9 1.00 6.402 210 2.647E+11 0.000
Am-241 2.76E+03 6.49 0.87 &.884513 4.678E+14 0.6832
Am-243 .18E+01 6.30 1.00 8.068E211 42752E12 0.0051

Total: 1.635E+14 &364E+14 1.0000
Mean ource Al 5 Ener.Y: 4 y ) 4

Maidnur " for Alphas: 1.S7SE-03
Pellet Radius: 8i85

UtErn0313792.03
Non-escape R 0.4831
Escape Fraction: 0.028422 (Haf-Spam Pcn on d t Source wich MIGHT _____

Mean Enerw: 6A5 -_ =

OeCaX(j 6.895E.05
Number cf Xtepa 20 tEBAR Vlues_
PA1H (cm) 1.345E-03 0.0010610 19.6 L rs 6.650-04 1.1386432 8.6 _e

I26_ 0.0122808 18.6 Layeo 6.861E041 1.3870989 8.6 Layers
1207E031 0.0432500617. .1712.04 1.6584535 7.6 __en

1.138E 03 0.0978790 18.6 is 4.4825-04 1.97490806.6 L _ren

1.069E-03 0.1759368 15.5 ra 3.792E204 2.3130437 5.6
9.998E-04 02773277 14.6 ers 3103I 04 2.6933865 4.6 Laera _

9.308-04 0.4004790 13.6 Lersi 2L413E204 3.14410859 36 Laye
8.61SE-04 0.6502896 126 er 1.724E.04 3.6963847 2.6 Layers
7.92E904 0.7222211 11.6 LeTa 1.034204 42183099 1.5 l _

724DE-04 0.9163486 10.6 Layers &447E-05 4.9835885 0.6ile _

______ _1_6_ 1.62 Average MeV for cpig Aipha
1.635E214 Source PartIcd secon_ _

_________ ______ _________ 4.381E+11 Partidesafec POTENTLALLYEsca
6.608E211 MeVlsecnd _ai_ I
6.608E+15 Molecsie/second Fomied

_______ ______ ________ 0.3459 Motes IYear AsbI rI___
0.0218 K"'lgrams/YearperAsbi -

I
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Worksheet for Alpha Partcle Transport Calculation
Two Hundred Years Cool Tinme

MateiOZ U0 DensV IOA Radius: 0.4845s
gxW1-5x15, &OOudU235 wrrr) (CM)_

MSQOMWD Mum . 7
._________ Energ Abundance source P- wer Fraction

(__A__) _MeV) Fracion (alsecono (MOVI) d TiOt P -

U-234 t.64E+UO 4.n 1 E.oi68E10 2.718E+11 0.0004
U-235 1.02E-02 4.68 0.83 3.132E081 IA35E+09 Q.OO0
LU-238 IA1E01 420 1.00 6A02E+09 2.269E+10 0.0000

4.99E-01 4.78 0.87 1.606E+10 7.678E+10 0.0001
Pu-238 8.07E40 6.50 1.00 2.986E+13 1.642E+14 0.2284_
Pu-239 2.07E402 6.16 0.09 7.682E412 3.913E+13 0.05441
Pu-240 3.15E+02 6.17 1.00 1.166E+13 6S26E+13 0.083E
Pu-241 6.65E+00 4.90 2.30E L.659E406 2.773E+07 0.00001
Pu242 IA8E+Ot 4.90 1.0t 402E- i 1 2.647E+11 0.0004

b241 2.65E+0 GAD 0.87 8208E+13 4.606E+14 0.B2B1
A243 2.16E+01 6.30 1.00 7.992E411 423BE+12 Q00559

Total: 1.321E+14 7.191E+14 1.0000
_ Mean Source Enemr. 5V.44 ___54

Ma nm RanFu e or Alla: 1.78803
Pellet Radius: A4845
Range (cn): 1.376E803
Non-escape R: OA831
Escape Fracion: 0.00283O mi lFe. Porgon of e 0 Source which MIGHT Escape)L

Mean Energy, 6.44

DetX C) 6. ==.0
umber ofSteps 2 (EBAR VWues)

PATH (c 1.342E.03 0.0010941 19.6 Layem 6.636804 1.1373159 9.5 La
_ 1.273E 0.0123372 18.6 Layers 6.8480 1.5480 8.5 Layer
1.204E.03 0.0433483 17.6 Layers &laEo04 1.84427 7.5
1.13E503 0.097740o 16.6 Laers 4A72E-04 1.9724158 6.6 Laer
1.066E803 0.1769223 15.5 Layer &784E.04 2.3101315 5.6 Lrse
9.976E.04 02772064 U La 096E-04 2.6898527 4.6 I _yen

9288.E04 0.4002157 13.6 Layers 2.408.E04 3.1399770 56 Laers
860OE804 0.6497645 12.6 Layer 1.7208E04 S.6916589 2.5
7.912E04 0.7215O0 11.6 Lyers 1.032E.04 4.2106548 1.6 e
7.224E04 0.9153685 10.6 Lyers 3.440E-05 4.9768473 0.6 Layers

1.61 veoMeV for Ec lngY AhA
1.321E+4 Souce PatciesJ _co__

3.747E+11 PariUceshoc POTENTLALLY
6.67E+11 MeVlsecond Eapn_ I

6.670E+15 Molecules/second Forned
I 02968 MolesIYearper sb! I.

____________ ________ _________ _ 001871 1 ograrns JYear per AsbI
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Worksheet for Alpha Particle Transport Calculation
Two Hundred and M Years Cool Time

Material: r02 IOAe 0. Rad ur. 0.845
B&W15x15, 6.050IoU ( 10Ad= U _

55,000 WDIMT ___I Maximum
Souce Ene Abudance Source Power Fraction
(CA__) (_ _) Fraction ( d) (Mevis) of Total P

______ _ __1.64E_ 4.77 1.00 6.06BE+10 2.894E+11 0.0005
U-235 1.026-02 4.8 0.83 3.132E408 1A35E+09 0.0000
UL238 IA0SE-01 4.20 1.00 6.402E+09 2.265E+10 0.0000
N4>237 639E.01 4.78 0.87 1.735E+10 8293E+10 0.0001
Pu-238 6.45E+02 660 1.00 2.017E+13 1.109 14 0.1761
Pu39 zo2.06E+02 6le 0.99 7646E+12 3.894E+13 0.0618
Puj-240 .13E+.02 6.17 1.00 1.158E+13 6.987E413 0.0951
Pu-241 988E-01 4.90 2.30E-05 6.153E+05 3.995E+08 0.00O0
Pu-242 IA6E+OO 4.90 1.00 6.402E+10 2.647E411 0.0004

4na241 2255E+03 6.49 0Q87 7.665E513 4.153E514 0.6593
-243U 2.: Z155+01 6.30 1.00 7.955E+11 4216E612 Q0.067

Tots!d: 1.159E514 6.95E+14 1.0000C
Mean source Alpha Enew. EY 5.44

IdnunRange for Alphas: 11.37315-0
let adus 64.4844

Ranse_(crn): 1_373E_03
Nkx2scap R; 0.4831
EscaPe Fraction: 0.0028298 (W-Space, Pion of the Source which MIGHT ____)

Mean Enerqf 644

DeltaX (cm) 6.865E-05
Nubtrof steps: 20 (EBARViaues)
PATH (cn) 1.339E-03 0.0011369 19.6 Laye 6.6Z2E-04 1.1362267 9.6 Leayer

_ 1.270E603 0.0124189 18.5 Layers .835 4 .1.3840974 8.6 Layer
1.201E0 0.0435098 17.5 Lyes 6.14BE44 1.6548985 7.6 e
1.133E6031 00978935 16.6 L ryea 4.4204 1.9701976 6.6
_1.0641-03 0.176030 15.6 LaYers 3.776E.04 2.30720 6.65
9.954E-04 0;2772368 14.6 Layei 3.08SE.04 2.6865952 4.6 ra
9.2685E04 0.4001315 13.6 Layers 2.43E03 4 3.1361492 3.5 La ra
8.681.E04 0.6494455 12.6 Law 1.716E.04 368726172.6 L2 r6
7.895E-04 0.7209931 11.5 L ryer 1.030E.04 42052914 1.6 _Laer

7.2OE804 0.9146174 10.5 Layer 3.432E.05 4.8704347 0.5 L _yers

t.1 Avers ao VibrEscapiAphs
1.159 E+ t4 u Pal I 1esffite =4r~
3.279E+11 Partcloeulsec POTENTIALLY Escai jn
4.958E+11 MeVlsecond Escaping I
4.956E+15 Moleculestsecond Formed |

.__________ - _____ _ 02595 Moles Yesrm Asbi I
___________ 0.0163 K11logns /Yapr Ai -
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Worksheet for Alpha Particle Transport Calculton
Three Hundred Years Cool Time

I

Mateilal: U02 Desity'IOA Radius: _____A ____ ____

B&W15x15,5.O-W~OLM-3 _______ JgL.. _(CM)

55,000 MWD/MTU Mawdm__
source En ~ Abundance source POwe Fraction

((CUAsW (MeV) Fraction (WAend) (MeVs) of Total P
i -2 1.70E+00 4.77 1.00 6290E410 3.000E+11 0.0005

1.02E-02 4.58 0.83 3.1f 4 1.A35E+09 0.0000
U-238 IA6E.01 4.20 1.00 6.402E+09 2269E+10 0.0000
Np-237 6.75E-01 4.78 0.87 1.651E+10 8847Es10 0.0002
Pu-238 368E+M2 6.60 1.00 1.362E+13 7.489E+13 0.1333
Pu-239 2.06E+02 6.16 0.99 7.646E+12 3.894E+13 0.0693
Pu-240 3.11E+02 6.17 1.00 1.151E+13 5.49E+13 0.1059
Pu-241 4A8E-01 4.90 2.30E-05 &812E+05 1.8688E06 .OOOO
Pu-242 1.46E+00 4.90 1.00 5A4025E+I 2.647E+51 0.0005
Ar-241 2.17E+03 6AO 67 6.985E 13 3.835E+14 0.6828
A-243 2.145401 630 1.00 7.918E+11 4.197E412 0.0076

Total: 1.035E+14 6.617E+14 1.0000
_________ ___. _UMean Source Alp h E6. 4 (e) 6.43 _

____________ Maximum Rance for Alha: 1.371E03 -

P72let ad ius:- 0.4845 7

Rime (cm: 1.371E403 _
Non~smpeR: _0.4831_

Escape Fraction: 0.0028257 HfO-Space, Portion of the Source which MIlGHT Esca e))

MenEnegy C _ _

DelaX: (CM) 6.855E505 _ _
Number of Steps: 20 (EBAl Values)
PATl (cm) 1.337E403 0.0010958 19.6 lyera 6.612E.04 1.1337661 9.5 l

I_ 1.288-03 0.0122894 186 6.8Z7E404 1.3812B25 8.6 Laye r
1.2005.03 0.043159 17.6 Layes 6.141E04 1.6515642 7.6 Laye
1.131E503 0.097328 16. L 4.45E0 1.888915 6.6 _y

1.063E-03 0.1782116 165.5 s 3.770E-04 2.3035730 5.5 Layerra
_.940E504 02781494 14.6 is La.ye5r04 2.6823825 4.
9254E504 0.3987652 13.6 Lyrs 2.399E504 3.1313527 3.5 Las"
8.569E 04 0.6478498 12.6 er 1.7145E04 3.6820426 6 is
7.883E-04 0.71909 11.5 rs 1.028E.4 4.1995454 1.6 Layers
7.198E504 0.8124372 10.6 3rs .427E.05 4.9838781 0.5 L iers

1.61 Average MeVfor Escapin Aiphas
1.035E+14 Source Partideslseco_ _

________ 2.923E+11 Partidesliec POTENTALLsc
4.411E+11 MeVlsecond EscapingI
4.411E+15 Moleucteulsecond Formed _

_________ _________ 0.2309 Moles I Year rAsbl I
.__________ ________ _ : 0.0145 1logramsrfearperAsbi
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Worksheet for Alpha Particle Transport Calculation
FOur Hundrad Yarno Cnnl Time

i
II
I
i

tgeM-U02Desit, 0. Radiw. 0.4845_
B&WI5x, 6.05 oU- ()_ ) (
55.000 MWDITU Maxinum .

__________ source E-ne Abundance Source Power Fraction
(CUAsbI MeV) Fracion _ase=n) (MNew) of Ttal P -

J.234- 1.778+00 4.77 1.00 6.649E410 3.124E+11 0.0007
U1.235 1.02E.02 4.68 0.83 3.132E408 1A35E09 0.0000
U-238 1.46E-01 420 1.00 5A2Eu09 2.269E+10 0.0000
N___7 _ 6.40E-M 4.78 0.67 2.068E+10 9.8458+10 0.0002
Pu-238 1.68E+02 6.60 1.00 6.216E+12 3.419E+13 0.0737

Pu-239 02.6E+02 6.16 0.99 7.646E+12 3.94E43 0.0839
Pu240 088E402 6.17 1.00 1.140E+13 6.9E+213 0Q1270
Pu-241 3.98-01 4.90 2.30E.05 i.61E+05 1.647E+06 0.0000
Pu-242 1A46E+8 C 4.0 0 1.00 6.402E+10 2.647E+11 0.0006
Am-241 1.B5E+03 6A9 0.67 6.955E+13 328E+14 0.7049

-nz243 2.12E+01 6.30 1.00 7.844E+11 4.157E'12 0.0090
I__ _ Total: .684E+13 4.638E+14 1.0000 _

_Mean ource APh a E6e.42 ._4
Pexle Rdl:ram ge for ihs 1.3686E03

Pelei iu: 0.4845.
Rane (cn): 1.3688-03
Non-escape R. 0.4831 _ _
Escape Fradion: 0.0028154 (Half-Space, Po f the Source wfich MIGHT Escap)

MeanEnerJy 5.42 _

DettaX (cm) 6.830E-05
Number Stes 20 lEBARVaues) ___
PAl]H (crn) 1.332E803 0.0011268 19.6 Laye r, 04 1.1309436 9.6L

1;64E.03 0.0123187 18.6 La 6.80E-04 1 .78559 8.6
1.198.03 0.0431825 17.5 Laye 6.122E-04 1.6475109 7.6 L _enra

1.1278E03 0.097185- 1& Leyer 4439E.04 1.9618107 6.6
1.059E.03 0.174877 156 Lae 3.7568E04 22979312 5.6 ______

_ 0X9304 0.2755576 14. iie 3.0738-04 2.6757615 4.6 __

9.220E804 0.3978655 15 2.S9OO4 3.123857 3.6
________ 8.637E.04 0.5465109 1Z6 Leyer 1.707E.04 3ISJ33760 2.6 ____

7.854E04 0.7173445 11. Lye 1.024E-04 4.1893324 1.6 Layer
_______ _ 7.171E.4 0.910212C 10C6 Layes 3.41 5.05 4.9518506 0.6 Leyens

_1.61 Average MkY for Escaping Aiphas_
8.664E.13 Sounoe Parict-

.________ 2A118+11 Parlideshmec POTENTIALLY ir
___________ 3.629EteVsecondI

_.__ 3.629.E15 Molecuhesecond Formed
Q 0.90 Mles/YearperAsbi
0.0120 KfogrpmstYearperAsbl I
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Worksheet for Alpha Particle Transport Calculation
Five Hundred Years Cool Time

M1 72 10__ 4 Radiucm85_ _

liWlx5. 6vra3_ _ _) (ran)
5 U.000 Maximurm

Source Eneray Abundance Source Power Fraction
(GUflAsbl) (MOV) Frac~an (alscond) (NtoVio) of TOW P

1.80E+00 4.n7 - 1.00 6W605E+10 3.1771 Q 00008
U235 1.0302 4.68 0.M83 3.1635E08 1.A49E09 0.0000
U-238 IASE-01 420 1.00 6AO2E+09 2.269E+10 0.0001
Nk237 6.96E-01 4.78 0.87 2240E+10 1.071E+11 0.0003
Pu-238 7.68401 6.60 1.00 2.842E412 1.663E+13 0.0394
Pu-239 2.05E+02 5.16 0.99 7.509E512 3.875E+13 0.0977
Pu-240 3.05E+02 6.17 1.00 1.129E513 6.634E+13 0.1470
Pu-241 3.91E-01 4.90 2.30E.05 3.327E+05 1.630E+06 0.0000
Pu-242 1.46E+00 4.90 1.00 6.402E+10 2.647E411 0.0007
Am-241 1.68E+03 6A9 0.87 6.086E413 2.792E+14 0.7037
rV 243 2.10E+01 6.30 * 1.00 7.7705E411 4.118E+12 0.0104

_______Toal: 7342E+13 3.968E+14 1.0000
Mean Source Alpha Erew (Me~N 6.40

Madmnun Range for AihaL 1.382E-03

RanWe (cm) 1.362E.03
Non-e Fm OA831 _
Escape Fraction: 0.0028072 Qjaff-Space. Poo of the Sorce which MIGHT Escape))

Mean Energy, 6A. _ _

DeltaX (crn) 6.B10E.05 _

Number of steps: 20 (ErUAR. _1 25
PAl cmn _ .328E.03 0.0010992 19.6 m 6.469E-04 1.127381: .6 Laye

1.260E-03 0.0122037 18.6 Layers 78804 1.3736903 8.6 Layers
1.192E.03 0.0428219 17. Lsyer 6.107E504 1.8427870 7.6 Layers,
1.124E-0 0.0965734 1&5 Layers 4.426E-04 1.9563818 6.6 L syersl
1.056E-03 0.1739340 15.5 era 3.745E-04 22917689 5.6 _____

9.874E504 02742511 14.5 Layera .064E.04 2.6889250 4.6 _

9.193E.04 0.3961642 13.6 Layes 2831504 311580 3.5 Leyers_
8.612E504 0.6444044 12.6 Layer 1.702E504 36647164 2.6 era _s

7.831E.04 0.7147772 11.6 Layers 1.021E-04 4.1795221 1.6 L __e _ _

7.1504 0.W71683 10.5 Layers 3.4055-05 4.9405059 0.6 Layers

1.60 Average MeV for Escaping
7.342E513 Source Pefide&_e___
2.0615E+11 Paficlesasec POTENTMALLY i i
3.094E+11 MeVisecond Escape I -

.________ ______ _________ 3.094E+15 Moleculeshecond Foaned
0.1620 Moles IYear perAsb! _

___________ ___________ 0.0102 ilograms Year per Asb
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Worksheet for AlPha Partcle Trnsport Calculation
Six Hundred Years Cool Time

Fal: U02 I Densr 10.4 RadiuS: 0.4845
B&Wl5XS, 6.O5lOU-235. _______C)__ (cr)

5,0-00 MWDJMTSouse Ei Abundance source Power Fraction

(C__Asb__ .____ (MVISY) of TCIal P
__________ .- 2E_ ER) F *.On 6.734E+10 3212E411 0.0009

U-235 1.03E.02 4.68 0.83 &163E08 1A49E 0.0000
U-238 IA6E-01 4.20 1.00 6.402E+09 2269E+1 0.0001C
NP237 7A3E.01 4.78 0.87 2.392E410 1.143E+11 0.0003
PU-238 &62E+01 6.60 1.0D 1.302E+12 7.163E+12 0.0207
Pu-239 2.05E+02 6.16 0.99 7.509E+12 3.8752+13 0.1122
Pu-240 .02E+.02 6.17 1.00 1.11713 6.777E+13 0.1673
Pu-241 9.88E-01 4.90 2.30E 05 3.302205 1.618E+06 0.0000D
Pu-242 1.46E+00 4.90 1.00 6A02E4+10 2.647E+11 O.0M _

Am-241 1.34E+03 S.49 0.87 4.313E+13 2.368E+14 0.6858
Am-243 2.09E+01 6.30 1.00 7.733E+11 4.098E+12 0.0119

Total: 6.404E+13 3A53E+14 1.0000
Mean SoUrce Alpha EneUY: (MeV) 5.3

Maximum Rmnge for 1.p58a03 -E -

Pellet Radius: 0.4845
Rare (cm): M1.58E.03 I

Norsae R: CA31
Escape Fraction: 0.0027090 (Haff-S POr on of the Source which r GHT Esca pe)

Mean Energy: _9__=

DeltaX (cm) 6.790E-05_
Number of StePs: 20 (EBAR Values)
PATH (cn) 1.324;E03 0.0010667 19.6 Laers 6A50 4 1.12367659 9.6 L _ye_

__ 1.58E3 0.0120769 18.5 L6Ye 6.77104 1.93784 66 Lyers,
1.188EI03 0.0424500 17.6 6.0S9204 1.6379115 7.6 Lyers
1.120E.03 0.0959084 18.6 4.413E204 1.9507938 6.6 Ly
1.052E.03 0.1729330 15.6 Layeru .734E.04 2.2854112 5.6 L raye
_.845E-04 02M 567 14.6 L .055E.04 2.81923 4.6
9.166BE04 0.3943599 13.6 2.376E-04 3.10776 3.6 Larp
8.487E.04 0.5421933 12.6 Layr 1.697E-04 3558780 2.6 Lrae
7.808E.04 0.7120846 11.6 La" 1.018E-04 4.1695380 1.6 Ler.
7.129E 04 0.039996 10.6 layer 3.395E-05 4.28743 0.6 yers.

1.C0 Average MeV for Escaping Alphas
. _________ _______ _________ 6.A04E2 13 Source Particie______

1.793E+11 Particleshsec POTENTIALLY
. . ~~~~~2.684E+11 MeVeond Escaping II

2.684E+15 Molecules/second Formed I
01405Moles Year AsbI II

I 0.0089 1alogramr nYear per Asb! 1



-

BBAOOOOOO-01717-02DD.0009 REV 00ODcI-0 f1Page IV-10 of 14

Worksheet for Alpha ParUcle Transport Calculation
Seven Hundred Years Cool Time

_~~~~ _

Wiaieria U027 1Derut OA Radius: 0.4845 I

B&W15x1. 5.5wo U-235 (rarnloc ____

.00MWD/MTU Maximum
.__________ Source Enoeray Aundance Source Power Fraction

_CVAsbl__ (M_ Fraction .00tnd) c MeVs TotaJ P

_________ T._2E_0_ 4._7 t.00 _-6.Y34E+10 3.212E+1l I .0 I
U1-235 1.03E-02 4.68 0.83 3.163E+08 1A495E09 0.0000
U-238 1.46E-01 4.20 1.00 6A02E409 2.26S9E+10 Q0.0

_ 7.83E1 4.78 0.87 2.520E210 1.205E+11 0.0004

Pu;Z38 1.62E+01 6.60 1.00 6.994E+11 3.2U7E+12 0.0108

Pu-23 t2.042+02 6.16 0.99 7.473E+12 3.856E+13 0.1263

Pu-240 2.99E+02 5.17 1.00 1.1064E13 6.72DE+13 0.1873

Pu-241 3.85E-01 4.90 2.30E-05 3276+05 1.605E+06 0.0000

Pu-242 1~iA8E+0 4.90 1.00 6.402E+10 2.647E411 0.0009

241 1.14E+03 5.49 0.87 3.670E213 Z.015E+14 0.6599
Anw243 2.07E+01 6.30 1.00 7.659E+11 4.059E+12 0.0133

Total: 6.675E+13 3.053E+14 1.0000
Mean Source Alpha Energy: e-v) 5.38

_ _ ~ MaximRum e forh :s 1.354E.03

Pellet Radus: 0.W45 _

Range (cm: 1.354E-03 _

NonIescpe RF 0.4831
Escape Fraction: 0.0027907 (Half-Space, Portion cf te Source which MIGHT __e_

Ulean ERSM. E3.

DetaX: (cmn) 6.770Ei-0_5
Number of Steqp . 20 (EBAR Values) _
PATH (cm) 13E-03 0.0010463 19.5 Lyes 6A 31E-04 1.1202908 9.5 Layers

12.52E.03 0.0119828 18.6 Lyra 6.7I4E4 1.3654145 8.6 Uyer_
-_ 1.1BSE-03 0.0421611 17.6 Layer 5.0770 1.J333914 .6 Layer

1.117E-03 0.0953688 16.6 Laye 4.400E 41 1.9455759 6.5 Laye __

1.04920 0.1720936 15.5 3.723E-04 2.2794625 5.6 Layers
9.81 4 0.2716887 14.6 3.046E804 2.6552925 4.6 La"
9.139E204 0.3927959 13.53 r 96SE.04 3.100152 3.6 Layer
8.462E.04 0.6402348 U126 La 1.692E204 3U647442 26 L2ye. r
7.785E204 0.7096767 11.6 La5es 1.015E.04 4.1599365 1.6 Laye __

7.108E-04 0.9011361 10.5 Layers 3.385.05 4.9178494 0.6 ULeye

_lA9 Average UhV fcr EscapIng Iphas _

6.675E+13 Source Paitldc____l_
__1.E+11 Partideshsec POTENTIALLY

._______ _____ _____ 365E+11 MeVlsecondEAwIng I_
__ __ 2.3 UdMolecueslsecnd Formed

Q1238 MolesYearperAsMb I
___________ QOC_______ .0.078 Kograms NYear per AMb
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Worksheet for Alpha Particle Transport Calculation
.Eigaht Hundred Years Cool Time

tAatetai: U02 uIOA Raditl: 0.4845 _

B&W15x15. 6.05viAoU-235 (gramrcc) - (crm)

55,000 MWD/ U_ Maimuwn _

Source Eney Abundance Source Pwr Fraction
(CUAsbl) (Me) Fraction (aftecond) (Meds) of Total P

U-234 1.63E+00 4.7 1.oo 6.771E*10 .230E5+11 0.0012
U-235 1.03E.02 4.68 0.83 3.163E408 1A49E*09 0.0000
lJ-238 1.46E-01 4.20 1.00 6.402Ee09 2.269E+10 0.0001
I4p-237 8.17EL01 4.78 0.8 2.630E+10 1.257E411 O.0S
Pa-238 7.61E+O0 5.60 1.00 2.779E+11 1.628E 12 0.0056_
Pu-239 2.04E+02 6.16 0.091 7.4732E12 3.656E+13 0.14091
Pu-240 _ 2.95E602 6.17 1 11.092E+13 6.643E+13 02063
Pu-241 3.82E-01 .4.90 2.30E-05 3.251E405 1.693E+06 0.00
Pu-242 1.46E+00 4.90 1.00 6A02E+10 2.647E+11 0.0010

-241 9.76E+02 6A9 0.87 3.139E413 1.723E414 0.6298
43 Z.05E+01 6.30 1.00 7.685E6+11 4.0206E12 0.0147

Tota: 6 10962+1 2.738E414 1.0000
Mean Source Alpha Energr: MeV) 6.37

Maximum Rangefor A1par. 1.35DE003

Peltot Radius, 0.4845
Range (cm): 1.3506.03 -

NonRescapeR: 0.4832
Escape Fracton: 0.0027825 (Half-Space, Portion of the Source which lIGHT Escae))=

Mean EneWr. 6.37

etaX: (cm) 6.760E-05_
fNJu pa: -P0 sE:AR Values) -

PATH (cn) 1.316.03 0.0010351 19.6 6.4L22404 1.1171321 9.6 Layers
1.249E603 0.011U133 18L. ye 6.737E-041 18AI1997 . Layers
1.181E.03 0.0419321 17.6 Lye 6.062604 1.6291240 7.6 Layers
1.114E-03 0.0949188 16.5 Layes 4.387204 1.9406165 6.6 Lye"r
1.046E.03 0.1713676 15.6 Laye 3.712E.04 2.21=3802 5.51 rx,
9.787E-04 0270628 14.6 Layes 3.037E.04 2.6489237 4C IyEY1#
9.112E-04 0.3914027 13.6 L syem 2.8204 3.0928163 U Layers
8.437E-04 0.C384537 12.6 LfYer 1.687E-04 3.6393004 U6

_7.762E.04 0.7074714 11.5 L myem 1.012E04 4.1506134 1.6 Lam
._______ B7E08 W04 0.6984879 10.6 sy 3.376E-05 4.9070U3 l6 l

1 49 Average MV YforEcp
_ _ ~~~~~~~~~6.096E*13Souc a~eicn

IA18E11 ParUcles/sec POTENTALLYEsca
2112EO1 MeIseodEcpn

________ ______ __ __ 2.11E15 Moleculeuiecond Fomwed

________ ______ 0.1106MoeslYearperAsbi I

0.0070 1(Clor Im ear perAsbi
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Worksheet for Alpha Particle Transport Calculation
Nine Hundred Years Cool Time

Materhl: U02 Denhly, i0A Radius: 0.4845 .

B&W15x15, 505wloU-235 | g (CM
55,000 MWD_ _TMaximum~

Source Energy 6undac Source Power Fraction
.(arsbl) l~eV Function (eond) (Mes) TofTtal P

-34 1.83 +00 4.77 1.00 6.771E+10 3.230E+11 0.0013
U-235 1.03E-02 4.58 0.83 3.163E+08 t 49E+09 O.WOOQ
U-238 IASE-01 420 1.00 6A02E+09 2269E+10 0.0001
NP237 8.46E.01 4.78 0.87 2.723E+10 1.302E+11 0.0005
Pu-238 3.49E+00 .60 1.00 1291E+11 7.102E611 0.0029
Pu-239 2.03E402 6.16 0.99 7.436E412 3.837E.13 0.1558
Pu-240 2.92E+02 6.17 1.00 1.080E+13 .686E+13 0.2267
Pu-241 3.7GE-01 4.90 2.30E-05 3225E+05 1.88E+06 O.0000
' -242 14A6E+00 4.90 1.00 6.402E+10 2.647E11 0.0011

41 8.30E+02 6.49 0.87 2.672E+13 1A67E+14 0.6954 _

4n243 2.03E+01 6.30 1.00 7.6116+11 3.981E+12 0.0162
Total: 4.699E+13 2.463E+14 1.0000

Mean Source Alp Enerar2 1 eq 5.36
_~m -urnangeforAlpha _ 1.345E603

Pellet Radius: 0.4845 . I_.

Range (cn* 1.345E.03 _ _

Non-ecp t OA832
Escape Fracton: 0.0027722 (Halt-Space, Ponion of Uhe Source whdch MIGHT EsC=pe)

Mean Energy, 6.36 _

Defpe Lem) 6.7256E05
Numberof Steps 20 VEalueV8 s___
PAllH (Cm) 1.3116-03 0.0010991 18.6 Layer 6.389.E04 1.1151345 9.6 Layer

1.244E.03 0.0120301 18.6 Layen 6.716E041 1.3592095 8.6 Layers

1.177E 03 0.0421553 17.6 Layen &.044E.04 1.260028 7.C Layers_

1.110E43 0.095104 18.6 LYr 4.371E-04 1.88935 6.5 Lyers
1.042E.03 0.1714808 15.6 Layer 3.9904 2.2691972 5.6 Laye

0.751E04 0270571 14. Laye 026E04 2 6432536 4.6 L rsa__
9.07GE904 0.39113363U Lye 2s54E-04 3.0881670 3.6 Layers
8A06E-04 0.6377815 12.6 r 1.681E.04 3.6316863 2.5 La
7.734E604 0.7064805 11.6 , .009E-04 4.1413897 1.6 Aye
7.061604 0.8970608 10.6 3.362E-05 4.8960244 0.6

_________ 1A9 Aveuge MeV for Escaing Aiphas I

4.599E413 Source Parficlfe____
1.276E.11 arstllesltc POTENTIALLY Esca2Ino
1.895E.11 MeVlsecondEscape
___9Su1.695s15 Mo1asecond Fomned

Mol992 Mes IYear perAsb _
.____________ 0.0063 KXlograms ffear per AsbI
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Worksheet for Alpha Particle Transport Calculation
One Thousand Years Cool Time

MatariaI: U02 O e- 10.4 Radius: 0.484S
B&W15x15, 6.05ioU-235 (grankc) (CM)
55,000 MWDIMTU ____Maximum -

Source Eneray Abundance Source Power Fraction
.(fAsbDl (MeY) Fraction (atsecond) dof Total P

15-234 1.83E+00 4.77 1.oo 6.8.7E+10 3230E+1i 0.O014
15-235 1.04E02 4.58 0.83 3.1946E08 1.463E09 0.0000
UL-238 IASE-01 4.20 1.00 6.42E+09 2289E+10 0 .0
Np-237 8.71E-01 4.78 0.87 28046E+10 1.340E+11 0.006
Pu-238 1.64E+00 6.60 1.00 6.068E+10 3.I376.I1 0.0015
Pu-=39 2.02E+02 5.16 0.09 7.399i+123 &818E+13 0.1709
Pu-240 2.89E+02 6.17 1.00 1.096E+13 628E+13 0Q2474
Pu-241 3.76E-01 4.90 2L30E05 3.200E+05 1.568E+06 0.0000
Pu-242 1.46E+00 4.90 1.00 6.402E+10 2.6476411 0.0012
4n-241 7.07E+2 6.49 0.87 2.276E+13 1.249E+14 0.5592

4n-243 2.01E+01 6.30 1.00 7.4376+11 3.926+12 0.0176
Total: 4.181E+13 22U34E`14 1.000C

Mean Source Alpha Enearg 1 5.34 _

___________ Maximum Range forAiphas: 1.341E.03
Pellet Raius:' D484 _

Range (cnan 1.341E.03 _
l4~ I~ s Ft: ~ 0.4 832 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Escape Fraction: 0.0027640 (Hlf-Space, Por cn of the Source n Ich MIGHT Esci 1L

Mean Energy 6.34

DelaX: (CM) 6.70-05 _ _ =_
N ber of Steps: 20 (EBAR Values)
PATH (cm) 1.307E6- 0.0010695 19.5 Isye s70.4 1.1114895 9.6 Loye

12406-03 0.0119112 18.5 ayera 6.699E4 1.3549595 8.6
1.173E-03 0.0418032 17.6 s ye M.S9E-04 1.8211859 7.6
1.106E-03 0.0944761 18.6 L5yers 4.358E604 1.9311539 6.6 39
1.039E-03 0.1704926 15.5 es 3.688E.04 2.229 1655.6 L ___

_________ 7260 0.292261 14.6 3s 3.017E604 2.6363078 4.6
9.052E.04 0.3893782 13.6 Layes 2.347E604 &0781947 3.S is ___

8.381E-04 .356183 12.6 Layer 1.676E-04 &5228956 2.6 en
7.711E.04 0.7038265 11 LaBYe 1.060 4.1314426 1.5 Lsye
7.04__ _0 0839435 10.6 Laye 3.3r 6-0 4.8845336 0.5 Layer

__ 1.48 Arape MeV for Escaplng Aiphas
4.181E613 Sour PariIes x
1.156E611 Padtlces/sec POTEcALLYE Ino

_ 1~~~~~~~~~~.7I3E+I1 e/n dEsa I
1.713E+15 Moleculesecond Formed

0.087 MdesIYearperAsbi
.. _________ .0.005 Kilograms Yar per Asb -
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Tirne (Ye8r) motesrear
6 0.4212

100 OAMGS
150 0.3459
200 02968
260 0.2595
300 0.2309
400 0.1900
500 0.1620
600 0.1405
700 0.1238
80O 0.1106
900 0.0992

1000 0.0897
PerAsbi

Total (100-100Y) 169.76

0.0265
0.0258
0.0218
0.0187
0.0163
0.0145
0.0120
0.0102
0.0089
0.0078
0.0070
0.0063
0.0056

PerAsbI
10.0648

Per 2lOY I
er21 Asbl Per 21 AsbI
3354.92 211.36
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Attachment V: SAS21H Input for PWR Assembly

ash parml 6,'skkelwt lpdaa'
SAS2H: BWlSxl5, Fuel Region Source, 42Owwt%, 4SGWdMtJ bum, DBF
27bumuphlb lafticecell

' mixtues of fuel-pin-unit-cell:
'denwmass UO21 Vohlme assembly (see section 7.2.1 of veport)
uo2 I den-10.2076 1 922 92235 4.20000 92234 0.02490 92236 0.01932

92232 95.74407 end
kr-83 1 0 1-20 922 end
kr8S 1 0 1.20 922 end
sr-90 1 01-20 922 end
y-89 1 0 1-20922end
mo-95 I 0 1-20 922 end
zr-93 1 0 1-20 922 end
zr-94 1 0 1-20 922 cnd
zr-95 I 0 1-20 922 end
nb-94 1 0 1-20 922 cnd
tc-99 I 0 1-20 922 end
rh-103 IO 1-20 922 end
rh-lOS 1 0 1-20 922 end
ru-101 101-20922cnd
ru-106 I 0 1-20 922 end
pd-105 1 0 1-20922end
pd-108 I 0 1-20 922 end
ag-109 I 0 1-20 922 end
sb-124 1 0 1-20 922 end
xe-131 I 0 1-20 922 end
xe-132 I 0 1.20 922 end
xe-13S 1 0 1-20 922 end
xe-136 1 0 1-20 922 end
cs-134 I 0 1-20 922 end
cs-135 1 0 1-20 922 end
cs-137 1 0 1-20 922 cnd
ba-136 1 0 1-20 922 end
la-139 1 0 1-20 922 end
pr-141 1 0 1-20 922 end
pr-143 I 0 1-20 922 end
ce-144 1 0 1-20 922 cnd
nd-143 1 0 1-20 922 end
nd-145 10 1-20 922 end
pm-147 I 0 1-20 922 end
pm-148 1 0 1-20922 end
nd-147 I 0 1 20 922 end
sm-147 1 0 1-20 922 end
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sm-149 1 0 1.20 922 end
sm-150 0 1-20 922 end
sm-lSI 1 0 1-20 922 end
sm-152 1 0 1-20 922 end
gd-15S 1 0 1-20 922 end
eu-153 I 0 1-20 922 end
eu-154 1 0 1-20 922 end
eu-155 I 0 1-20 922 end
abm-ziro4 6.S6 5 0 0 0 8016 0.12 24000 0.10 26000 0.20 50000 1A0

4000098.18 2 1.0 620.9 end
h2o 3 den=0.71378 1.0 S78.9end
arbm-bormod 0.71378 1 1 0 0 S000 100.0 3 552.6e-6 S78.9 end

' 1050 ppm boron max BOC; S52.6 ppm cycle ave.
................ ...............

end comp

...... ........................ ..............

' fiel-pin-cell geometry:

squarepitch 1.44272 0.936244 1 3 1.0922 2 0.95758 0 end

.. . . . . . ................ ..

assembly unit cell parameters:
npinlassm=208 .fIelngthi=360.172 ncycles=l nhiVcyc'16
lightellS printlevel=5 Inplevel=2 numholes=17

numinstr-l xbe orube0.6731 stnube0.63246
asmpitch21.6814 =umtotal =4 mxrepeats--I mbxmod=3
facmesh=1.0 end

I

3 0.632462 0.673103 0.814 5002.961242

... . ... ............................................ ....

cycle parameters:

power=14.5085 bum=1537.850S down=l end

. . . . . .... .. . .. . ...

'lightelements foractivation:

ni 2.6460 ca 1.0632 co 0.0490 mo 0.1495 uib 0.2450
ti 0.0392 al 0.0294 c 0.0029 mn 0.0123 di 0.0123
cu 0.0098 fe 1.0381 o 0.1587 sn 1.8510 zr 129.8046
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end
end
-origens
O$S ag 26 a 171 e
1ss I

It
B&W 15x15, 4.42%48086 MWd/MTU Decay

3US 21 0 1 a33488
2t

358$ 0
4t

S6S0 10 al45304e
St

Part B B&W 15xlS, 4.20Mw/c, 48086 MWdWMTU Decay
per B&W ISilS assembly, 464 kg U Loading
60*0 5 50100 150 200 250300400 SO0 600
65SS$ 27z 11 1 e

6t
S6$$ 04 aI4 5 a174 e S7** 600e

St
60* 700 800 900 1000
658$ 27z I 1 1 e

6t
56$S fO t
end


